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PRACTICAL   PROJECTION. 


INTRODUCTION. 

1.  OrthosrittpUc  Projection. — When  the  sheet-metal 
worker  is  required  to  make  any  article  whose  form  or  dimen- 
sions are  not  previously  known,  it  is  evident  that  a  descrip- 
tion of  the  work  in  question  should  be  furnished  him.  This 
description  may  be,  and  often  is,  given  by  verbal  instruc- 
tion; but  in  order  to  enable  the  worker  to  understand 
definitely  what  is  wanted,  the  form  of  the  object,  its  dimen- 
sions, and  the  quality  of  the  material  to  be  used  should  be 
stated.  Instruction  given  in  this  way  is,  however,  seldom 
satisfactory  either  to  the  workman  or  to  his  employer,  since 
it  is  difficult  in  such  cases  to  place  the  responsibility  for 
any  errors  that  may  occur. 

Written  instruction,  therefore,  would  seem  to  be  prefer- 
able; but,  since  most  objects  would  require  an  extended 
description,  a  shorter  and  more  convenient  method  of  con- 
veying the  desired  information  is  to  be  sought.*  A  drawing: 
of  the  object  is  therefore  made. 

These  drawings  are  generally  made  by  a  process  termed 
orthographic  projection,  or,  as  it  is  usually  called,  projec- 
tion dravring.  Every  detail  of  the  object  is  correctly 
represented  in  this  drawing,  so  that  the  workman  knowing 
how  to  **read  the  drawing,"  may  obtain  his  measurements 
therefrom  for  the  construction  of  the  object  itself.  He  is 
also  enabled,  by  an  examination  of  the  drawing,  to  under- 
stand exactly  how  the  object  will  appear  when  completed. 
Hence,  we  have  the  following  definition: 

§  15 
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2  PRACTICAL  PROJECTION.  §  15 

Ortliofirraphle  projection  is  the  process  of  making  correct 
representations  of  objects  by  means  of  drawings. 

3.  A  Working  Drawing:  Generally  Necessary'. — Be- 
fore a  pattern  for  any  piece  of  sheet- metal  work  can  be  laid 
out,  a  working  drawing  of  the  article  must  first  be  made. 
No  pattern,  however  simple  or  plain,  can  be  produced  until 
we  have  something  definite  to  work  from. 

The  metal  worker  does  not  go  to  the  trouble  of  preparing 
a  drawing  on  paper  for  every  piece  of  work  he  is  called  on 
to  make,  since  many  objects  are  so  plain  that  a  brief  verbal 
or  written  description  of  their  dimensions  gives  the  me- 
chanic all  the  information  he  needs  to  enable  him  to  lay  out 
the  pattern. 

If,  for  example,  you  are  called  on  to  make  a  box  out  of 
IX  tin,  4  inches  long,  3  inches  wide,  and  1  inch  deep,  you 
immediately  proceed  with  the  steel  square  to  lay  off  the 
given  sizes  directly  on  the  metal;  but,  if  the  mechanic  is 
required  to  make  a  round  pan  having  flaring  sides  or  some 
article  of  a  form  not  readily  carried  in  the  mind,  there  is 
one  thing  he  must  do  before  he  can  proceed  with  the  work, 
or  even  lay  out  the  pattern — he  must  make  a  working: 
dra^wing:  of  the  object. 

3.  What  Constitutes  a  Working:  Drawing:.  —  There 
are  several  ways  in  which  this  drawing  may  be  made,  de- 
pending altogether  on  how  complicated  the  object  is.  In 
the  case  of  the  pan  referred  to,  it  may  be  desirable,  by  an 
application  of  certain  principles  stated  in  this  Course,  to 
omit  the  operation  of  making  a  drawing  consisting  of  several 
views,  and  proceed  as  with  the  box  to  **  lay  it  out  "  directly 
on  the  metal.  In  this  case,  however,  it  will  be  found  that 
the  operation  differs  from  that  of  making  the  box  referred 
to,  since  it  is  first  necessary  to  mark  out  the  sizes  and  out- 
lines as  they  will  appear  when  the  pan  is  completed.  These 
sizes  may  or  may  not  form  a  part  of  the  pattern,  but  they 
are  required  as  preliminary  lines  from  which  to  **lay  off," 
or  ** strike  out,"  the  pattern. 

Marking   out   these  sizes  or  dimensions  of  an  object  is 
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§15  PRACTICAL   PROJECTION.  3 

really  making  a  working  drawing.  This  drawing  may  be 
full  size — in  which  case  it  is  referred  to  as  a  detail  tlra^w- 
ingf — or  it  may  be  drawn  to  a  scale,  either  larger  or  smaller 
than  the  object  itself. 

4.  Wliere  the  Drawing:  Is  Made. — In  the  case  of  plain 
articles,  the  necessary  drawings  may  be  made  directly  on 
the  metal;  in  the  majority  of  cases,  however,  the  work  is  of 
a  more  or  less  complex  nature,  making  it  highly  important 
that  a  full-sized  properly  made  detail  drawing  be  used. 
This  is  not  always  provided,  and  the  mechanic  frequently 
has  to  make  his  own  detail  from  a  small  freehand  sketch  or 
possibly  from  a  drawing  made  to  a  small  scale.  In  the  latter 
case,  an  enlarged  drawing  must  generally  be  made  before 
the  work  of  laying  out  the  pattern  can  proceed.  This  neces- 
sitates operations  with  drafting  board  and  drawing  imple- 
ments— with  which  the  student  is  already  familiar.  The 
proficiency  that  has  been  acquired  may  now  be  put  into 
practical  use  in  the  operations  to  follow. 

It  is  the  purpose  of  this  section  of  the  Course  to  present 
methods  by  which  working  drawings  may  be  made  and 
read.  These  methods  are  presented  in  a  practical  way,  that 
the  principles  laid  down  may  be  readily  understood  by  the 
student. 

GEI^^EBAL  PBIXCIPLES. 

6.  Various  Kinds  of  Drawings. — The  most  common 
representations  of  objects  are  those  used  for  purposes  of 
illustration  merely  and  known  as  perspective  drawings. 
They  are  of  little  value  to  the  mechanic  to  serve  as  working 
drawings,  since  they  are  not  drawn  to  a  scale  in  the  same 
way  as  a  projection  drawing,  and  to  obtain  measurements 
therefrom  is  an  operation  both  complicated  and  indirect.  A 
photograph  is  an  ideal  perspective  picture,  but  no  one  would 
think  of  using  a  photograph  as  a  working  drawing.  The 
photograph  and  the  perspective  drawing  represent  the  ob- 
ject **as  we  see  it,"  or  as  it  appears  to  the  eye  of  the 
observer,  while  the  working  drawing-   the  projection  drawing 
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4  PRACTICAL  PROJECTION.  §15 

— represents  the  object  as  it  actually  is^  or  will  be  when  made. 
A  photograph,  however,  shows  only  such  objects  as  really 
exist,  while  a  projection  drawing  often  shows  objects  that 
exist  only  in  the  imagination  of  the  draftsman  or  a  person 
capable  of  understanding,  or  ** reading,"  the  drawing.  By 
means  of  such  drawings  the  imagination  is  aided  in  pictur- 
ing the  object  as  already  constructed — or,  as  we  would  say, 
it  enables  the  mechanic  to  see  the  object  **in  his  mind's 
eye." 

6,  Wliat  Is  Shown  In  a  BraTving. — The  perspective 
drawing  always  shows  more  than  one  side  of  an  object — 
generally  three  sides — while  the  working  drawing  seldom 
shows  more  than  one  side,  that  being  the  side  toward  the 
observer.  The  position  of  such  other  portions  of  the  object 
as  are  not  located  on  the  side  shown  in  the  drawing  may, 
however,  be  indicated  in  a  projection  drawing  by  dotted 
lines.  No  lines  should  be  used  in  a  working  drawing  that 
do  not  represent  actual  edges,  or  outlines,  in  the  object 
itself.  We  sometimes  find  certain  edges  or  outlines  of  an 
object  represented  in  a  drawing  by  heavy  lines.  These 
heavy  lines  are  called  shade  lines;  but  since  they  are  not 
essential  features  of  the  working  drawing,  no  description  of 
them  is  necessary  in  this  Course.  There  is  also  an  elabo- 
rate system  of  representing  the  effect  of  light  and  shade 
on  curved  and  receding  surfaces  by  means  of  lines  properly 
disposed  over  the  surfaces  shown  in  the  drawing.  Since 
these  lines  are  for  effect  only,  and  their  meaning  is  appar- 
ent to  the  observer,  the  principles  governing  their  use  are 
not  made  a  part  of  the  subject  matter  of  this  Course. 

7.  Position  of  Observer. — Another  point  of  difference 
between  the  perspective  and  the  projection  drawing  is  that, 
in  taking  the  view  of  which  the  perspective  drawing  is  a 
representation,  the  eye  of  the  observer  remains  in  a  fixed 
position,  and  in  the  same  relation  to  the  drawing  as  the 
camera  is  to  the  photograph;  while  in  that  view  of  the  ob- 
ject of  which  the  projection  drawing  is  a  representation, 
the  eye  of  the  observer  is  always  supposed  to  be  directly 
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over,  or  opposite,  that  point  in  the  drawing  which  is  being 
noted. 

This  may  be  illustrated  by  the  student  for  himself  in  a 
very  simple  way.  Place  a  sheet  of  paper  on  the  drawing 
board  and  draw  a  horizontal  line,  say  6  inches  long;  now 
lay  an  ordinary  2foot  pocket  rule  against  this  line,  in  the 
manner  shown  in  Fig.  1,  and  proceed  to  mark  off  the  line 
to  correspond  with  the  divisions  on  the  rule.  He  will  find 
that  he  is  obliged  to  get  his  eye  directly  over  each  mark  on 
the  rule,  and  to  ** sight"  carefully  down  on  to  the  rule  be- 
fore making  each  mark,  very  much  as  he  would  '*sight"  or 
look  along  a  piece  of  work  to  see  whether  it  is  straight  or 
not.  It  will  be  noticed  also  that  he  is  making  one  eye  do 
all  the  work  in  this  ** sighting,"  and,  further,  it  will  be  ob- 
served that  in  making  the  markings  he  is  moving  his  head 
as  he  progresses  toward  the  end  of  the  line.  He  is  obliged 
to  do  this  to  keep  his  eye  exactly  over  each  point  on  the 
line  as  it  is  marked. 


FIG.  1. 


8.  lilne  of  Slgrlit. — The  line  first  drawn  on  the  paper  is 
not  the  only  one  made  use  of  in  reproducing  the  markings 
on  the  rule.     The  student  has  unconsciously  made  use  of 
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another  line,  or,  more  properly,  a  set  of  lines,  that  are  an 
important  feature  of  projection  drawing.  These  lines  are 
those  made  use  of  in  doing  the  **  sighting  "  necessary  for 
the  marks;  they  are  purely  imaginary  lines  and  are  not  rep- 
resented in  the  illustration.  They  are  very  properly  called 
lines  of  sig^lit.  The  lines  of  sight  in  a  projection  drawing 
are  ahvays  perpendicular  to  the  drawing.  They  extend 
from  a  point  in  the  eye  of  the  observer  to  a  point  on  the 
drawing  that  is  directly  opposite,  as  indicated  by  the  point 
of  the  draftsman's  pencil  in  Fig.  1. 

These  lines  of  sight — which,  as  stated,  are  only  imagi- 
nary lines  and  are  not  represented  in  a  working  drawing — 
constitute  one  of  the  most  important  features  of  the  projec- 
tion drawing;  for  on  these  lines  we  are  enabled  to  obtain  the 
views  from  the  object,  and,  by  means  of  other  lines,  called 
projectors,  bearing  a  certain  relation  to  the  lines  of  sight 
(as  will  be  explained  later),  we  can  reproduce  the  views 
thus  obtained  on  the  drawing. 

9.  lilnes  of  SIgfht  Always  Parallel. — When  it  is  de- 
sired to  make  a  drawing  of  any  object,  the  lines  of  sight 
must  be  used  in  the  same  manner  as  in  marking  the  divi- 
sions on  the  line  in  Fig.  1;  that  is,  care  must  be  taken  to 
keep  the  lines  of  sight  in  any  one  view  parallel  to  one  an- 
other. We  may  take  different  views  of  the  same  object, 
or,  to  express  it  otherwise,  we  may  take  positions  on  differ- 
ent sides  of  the  object,  in  order  to  obtain  views  therefrom; 
but  in  any  view  thus  taken,  the  above  statement  must  be 
carefully  observed  and  the  lines  of  sight  kept  exactly  par- 
allel to  one  another. 

10.  Several  Views  Necessary-. — We  have  already  noted 
that  a  projection  drawing  seldom  shows  but  one  side  of 
an  object.  Since  there  are  no  objects  that  present  all 
their  dimensions  on  any  one  side,  it  necessarily  follows 
that,  in  order  to  convey  a  correct  idea  of  the  form  of  an 
object,  it  is  necessary  to  make  a  drawing — or  a  projection 
— of  as  many  sides  as  will  enable  the  correct  shape  and 
dimensions  to  be  shown.      We  may  make  'these  drawings 
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from  as  many  points  of  view  as  may  be  desired ;  but,  for 
certain  reasons,  to  which  attention  will  be  called  later,  it 
is  generally  preferable  to  view  all  objects  from  six  sides, 
which  correspond  to  the  six  sides  of  a  cube.  These  draw- 
ings of  the  different  views  have  their  correct  names,  which 
we  will  now  consider. 

11,  Plans  and  Elevations. — It  being  assumed  that 
the  object  is  in  some  fixed  position,  the  various  views  take 
their  names  from  the  different  positions  of  the  observer  in 
his  view  of  the  object.  Thus,  a  view  taken  from  above,  or 
looking  down  on  the  object,  is  called  a  plan ;  so  also  is  a 
view  from  beneath,  or  looking  up  at  the  object;  thus  we 
have  the  terms  top  plan  and  bottom  plan.  The  two  views 
thus  obtained  are  frequently  designated  by  terms  that  vary 
with  the  class  of  objects  represented,  and  not  infrequently 
derive  their  names  from  some  portion  of  the  object  itself. 
Thus,  a  top  plan  of  a  house  is  a  view  of  the  roof  taken 
from  above,  and  is  called  a  roof  plan;  while  a  ceiling  plan 
is,  as  its  name  indicates,  a  view  of  another  part  of  the 
house  taken  from  the  opposite  direction.  In  the  case  of 
small  objects  generally,  such  views  are  termed  top  plan  or 
bottom  plan^  as  the  case  may  be.  These  views,  in  certain 
cases,  should  be  marked  on  the  drawing,  in  order  to  guard 
against  error.  Here  it  should  be  noted  that  while  the  posi- 
tion of  the  object  is  not  changed  in  making  either  the  top 
or  the  bottom  plan,  yet  the  position  of  the  observer  is. 
When  the  two  plans  thus  made  are  compared,  it  is  found 
that  the  corresponding  points  of  the  drawings  are  changed 
in  their  relation  to  each  other  in  the  same  manner  as  the 
hands  of  two  persons  that  are  standing  exactly  in  front 
of  and  facing  each  other — the  right  hand  of  the  one  being 
opposite  to  the  left  hand  of  the  other. 

A  view  taken  from  the  side  of  an  object  is  called  an 
elevation.  That  side  of  an  object  shown  in  any  elevation 
gives  its  name  to  that  drawing;  thus,  a  view  of  the  front 
of  an  object  is  called  a  front  elevation.  So,  also,  we  have 
the  terms  rear  elevation  and  side  elevation.     In  some  cases 
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it  may  be  more  convenient  to  designate  the  elevations  by 
the  points  of  the  compass;  for  example,  the  north  elevation 
of  a  building  is  a  projection  of  that  part  of  the  building 
which  faces  north,  or,  to  state  it  as  we  have  done  before, 
that  part  of  the  building  seen  when  looked  at  from  the 
north. 

12,  Section  Drawings. — Cases  frequently  occur  in 
which  the  views  or  dimensions  desired  to  be  given  on  a 
working  drawing  cannot  be  shown  in  either  plans  or  eleva- 
tions. Under  such  circumstances,  recourse  is  often  had  to 
a  class  of  drawings  termed  sections.  A  section  drawing  is 
a  projection  of  an  object  assumed  to  have  been  cut  in  two 
in  a  certain  direction,  usually  at  right  angles  to  the  lines  of 
sight.  Those  parts  of  the  object  between  the  observer  and 
the  place  where  the  cut  is  made  are  assumed  to  have  been 
removed,  so  as  to  present  an  entirely  new  surface.  This 
surface  is  not  seen  in  the  object  itself,  since  the  cutting  is 
entirely  imaginary— done  simply  for  the  purpose  of  showing 
some  interior  construction. 

13«  Sections  May  be  Drawn  In  Any  Desired  Posi- 
tion.— The  cut  just  referred  to  may  be  made  in  a  horizoiital^ 
a  vertical^  or  an  oblique  direction,  according  to  the  way  in 
which  it  is  desired  to  show  the  section.  Portions  of  surfaces 
that  have  been  cut  in  this  way  are  usually  represented  by 
certain  conventional  methods,  indicating  the  character  or 
composition  of  the  material.  A  custom  frequently  adopted, 
and  which  will  be  followed  in  the  drawings  for  this  Course, 
consists  ill  designating  surfaces  exposed  by  the  cut  by  a 
series  of  closely  drawn  parallel  lines.  Such  lines  are  usu- 
ally drawn  at  an  oblique  angle,  as  compared  with  the  other 
portions  of  the  drawing,  and  are  called  cross-sectiojt  lines,  or 
cross-hatch  ing. 

14,  A  Set  of  Plans. — It  is  a  common  practice,  when 
speaking  of  a  set  of  drawings  consisting  of  various  plans, 
elevations,  sections,  etc. — as  for  a  house,  or  for  some  other 
object — to  refer  to  them  as  a  *'set  of  plans."  This  is  a 
collective  phrase  for  the  drawings,  and  its  use  in  this  way 
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is  perfectly  proper;  when  used  in  this  sense,  however,  it  is 
not  understood  as  applying  simply  to  a  plan  view  as  ex- 
plained in  Art.  11.  Drawings  for  large  objects  are  fre- 
quently of  a  size  such  that  the  different  views  are  more 
conveniently  made  on  separate  sheets.  Architectural  draw- 
ings are  usually  separated  in  this  way,  and  it  is  often  nec- 
es.sary  for  the  one  that  is  to  read  such  drawings  to  arrange 
the  sheets  in  a  particular  manner,  in  order  that  the  relation 
between  the  views  may  be  understood.  This  arrangement 
of  the  views  will  be  considered  later. 

15.  Foresliortened  Vleiwrs. — The  lines  in  a  projection 
drawing — or,  as  we  shall  term  it  hereafter,  2^  projection — are 
either  of  the  same  length  as  the  corresponding  edges  or  out- 
lines of  the  object  itself,  or  they  are  foreshortened.  No 
lines  are  represented  longer  than  they  actually  exist  on  the 
object,  except  in  cases  where  the  drawing  is  made  to  an  en- 
larged scale.  All  lines  that  are  used  to  represent  the  edges 
or  outlines  of  an  object,  and  that  are  at  right  angles  to  the 
lines  of  sight  in  any  view,  are  represented  in  that  view  by 
their  true  length.  Lines  that  represent  other  edges  or  out- 
lines, and  are  not  at  right  angles  to  the  lines  of  sight,  are 
consequently  represented  shorter  than  they  exist  on  the 
object,  and  are  then  said  to  be  foresliortened. 

16.  Geometrical  Forms. — The  simplest  geometrical 
form  that  we  can  imagine  is  a  point ;  next  we  have  a  //;/r, 
defined  as  the  shortest  distance  between  two  points;  then  a 
surface^  which  is  a  flat,  or  plane,  figure  bounded  by  lines; 
and,  finally,  a  solid^  which  in  turn  is  bounded  by  different 
surfaces. 

17.  Tlie  Combination  of  Geometrical  Forms. — Since 
the  mechanic  deals  with  objects  of  various  forms  that 
may  be  said  to  represent  geometrical  solids,  we  shall  en- 
deavor to  convey  an  idea  of  the  way  in  which  the  repre- 
sentation of  these  objects  may  be  simplified  by  resolving 
them  into  their  elements,  or  the  parts  that  combine  to  pro- 
duce these  forms.  We  thus  have  to  deal  with  points,  lines, 
surfaces,  and  solids;  of   these  four   things,  one  only — the 
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solid— can  be  represented  by  any  actual  thing  or  be  such 
as  to  enable  us  to  handle  it,  for  there  is  no  object  that  does 
not  possess  lengthy  breadth^  and  thickness  to  a  greater  or  less 
extent.  It  consequently  follows  that  the  other  three  forms 
are  entirely  imaginary.  The  student  that  can  most  readily 
conceive  or  imagine  their  existence  in  this  way  will  most 
readily  comprehend  the  principles  involved  in  projection 
drawing  and  pattern  drafting. 

18.  A  Test  of  the  Student's  Imagrlnatlon. — The  fol- 
lowing illustration  will  show  how  a  solid  may  be  resolved 
into  the  simplest  of  its  elements  and  still  retain  its  definite 
and  characteristic  form.  We  will  suppose  a  sheet-metal 
box  to  be  made  in  the  form  of  a  cube,  each  edge  being 
1  inch  long.  The  six  square  pieces  of  sheet  metal  that  make 
the  sides  of  this  box  are  to  be  lightly  soldered  together, 
**edge  and  edge."  This  box  represents  a  geometrical  solid, 
although  it  is  by  no  means  a  solid  considered  in  a  physical, 
or  practical,  sense.  It  ^s,  in  fact,  popularly  spoken  of  as 
being  **  hollow  ";  but  we  could  very  readily  convert  it  into 
a  solid  by  filling  it  with  molten  solder.  It  represents,  how- 
ever, as  it  is,  a  geometrical  solid,  and  as  such  we  will  con- 
sider the  parts  of  which  it  is  made  up,  without  paying  any 
attention,  in  this  elementary  part  of  the  subject,  to  the 
material  of  which  it  is  composed.  We  are  now  dealing 
\f\Wi  forms  only,  and  until  these  principles  are  fixed  in  the 
student's  mind  no  attention  will  be  paid  to  other  details. 

19.  We  first  look  for  the  surfaces  of  this  solid,  of  which 
we  find  six.  The  student  may  have  some  difficulty  in  under- 
standing that  the  surfaces  of  this  cube,  which  he  can  appar- 
ently distinguish  by  the  sense  of  touch,  exist  only  in  an 
imaginary  way.  We  refer  him,  therefore,  to  our  definitions 
for  the  explanation  of  this  seeming  paradox.  A  surface,  we 
have  been  told,  has  length  and  breadth,  while  a  solid  has 
these  and  also  a  third  property — thickness.  Now,  as  we 
have  said  before,  we  cannot  consider  the  material  of  which 
the  cube  is  composed,  but  if  we  handle  it  we  will  be  obliged 
to  refer  to  the  metal  of  which  the  sides  of  the  cube  are 
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made.  These  metal  sides  have  thickness ;  it  may  be  only  a 
few  thousandths  of  an  inch,  but  still  it  is  thickness,  and 
consequently  does  not  come  within  our  definition  of  a  sur- 
face. A  surface  may  be  compared  to  a  shadow,  which  can 
be  distinguished  by  its  outlines  or  shape,  but,  as  every  one 
knows,  is  absolutely  without  thickness.  It  is  in  this  sense 
that  we  refer  to  the  sides  of  the  cube  as  its  surfaces.  We 
find  also  that  each  of  these  six  surfaces  is  bounded,  or 
defined,  by  four  edges  or  outlines,  the  lines  in  turn  being 
terminated  at  the  corners  of  the  cube  by  points,  of  which 
there  are  eight.  It  will  now  be  seen  that  these  eight  points, 
situated  at  the  extremities  of  the  lines,  or  edges,  of  the 
cube,  perfectly  define  the  shape  and  size  of  the  geometrical 
solid. 

If  we  could  imagine  the  metal  sides  of  the  cube  to  disap- 
pear entirely,  leaving  only  the  points  at  the  corners,  we 
would  still  have  as  perfect  a  representation  of  the  size  and 
shape  of  the  cube  in  our  minds  as  if  it  had  an  actual  exist- 
ence and  could  be  seen  by  the  eye.  For  these  imaginary 
points  could  then  very  easily  be  imagined  as  being  con- 
nected by  lines,  and  we  could  then  **see*'  the  surfaces,  and 
finally  the  solid,  existing  in  the  same  imaginary  way.  It 
will  thus  be  comparatively  easy  for  us  to  transfer  a  repre- 
sentation of  this  solid  to  our  drawing,  since  we  can  use  the 
points  as  the  markings  on  the  rule  were  used  in  connection 
with  the  lines  of  sight  in  a  previous  illustration. 

20.  The  Imftgl  nation  a  Valuable  Assistant  to  the 
rhraftsman. — An  object,  or  solid,  of  any  conceivable  shape 
may  thus  be  resolved  into  its  elementary  parts  or  points. 
The  drawing  of  the  object,  then,  will  consist  simply  of  loca- 
ting the  positions  of  these  points  on  the  drawing.  We  may 
have  drawings  to  make  that  will  require  the  location  of  a 
hundred  or  more  of  these  points,  depending  entirely  on  the 
form  or  shape  of  the  object  we  are  dealing  with,  but  the 
principles  are  in  all  cases  the  same. 

If  the  student,  after  resolving  an  object  in  this  imaginary 
way,  will  carefully  study,  or  imagine,  the  proper  location  of 
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these  points  in  their  relation  to  the  object  itself,  defining 
their  positions  on  the  drawing  one  at  a  time,  much  that 
may  appear  complicated  at  first  sight  will  resolve  itself  into 
very  simple  and  comparatively  elementary  work.  Compli- 
cated work  is  usually  nothing  more  or  less  than  the  aggre- 
gation of  a  number  of  simple  operations  that  appear 
complicated  only  because  they  are  combined.  There  is  no 
field  of  work  to  which  the  latter  statement  is  more  applicable 
than  to  that  of  the  pattern  draftsman. 

It  is  in  the  **  imaginary  "  way  thus  described  that  the 
student  is  directed  to  picture  to  himself  each  figure  as  pre- 
sented to  him  for  the  making  of  the  drawings  on  the  plates. 
This  part  of  the  study  is,  as  will  be  noticed,  almost  entirely 
the  work  of  the  imagination;  but  it  should  be  practiced  by 
the  student  for  the  sake  of  the  assistance  it  will  be  to  him 
later  on. 

The  operations  of  projection  drawing  follow  one  another 
in  a  natural  sequence,  which  we  will  proceed  to  trace  out  in 
a  series  of  drawing  plates.  As  the  student  follows  these 
operations,  keepmg  in  mind  the  foregoing  principles,  he  will 
have  no  difficulty  in  making  or  reading  any  drawing. 


PliATES. 

21.  Seven  plates  are  to  be  drawn  by  the  student  in 
accordance  with  the  directions  given  in  this  section.  Copies 
of  the  first  two  plates  are  sent  with  this  Paper ;  copies  of 
the  remaining  plates  will  be  sent  as  the  student  requires 
them.  The  plates  drawn  by  the  student  are  to  be  of  the 
same  size  as  those  drawn  for  Geothetrical  Drawing,  and 
the  same  general  instructions  regarding  the  preparation  of 
the  plates  are  to  be  observed ;  they  must  be  drawn  and  sent 
to  us  for  correction  in  the  same  manner. 

The  letter  heading  for  each  problem,  which  has  heretofore 
been  placed  on  the  drawing,  will  be  omitted,  and  the  stu- 
dent is  required  only  to  designate  each  plate  with  the  letter 
heading,  or  title,  that  is  printed  in  heavy-faced  type,  both 
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in  this  section  and  on  the  reduced  copies  of  the  plate.  For 
this  purpose  the  block-letter  alphabet  is  used. 

23.  The  dimension  lines  and  figures  shown  in  the  first 
three  problems  of  the  drawing  plate,  title  :  Projections  I, 
are  to  be  especially  noticed  by 
the  student.  They  are  ordi- 
narily used  in  all  working  draw- 
ings, and  preference  is  invari- 
ably given  to  a  dimension 
figure,  rather  than  to  the  scale  f^^-  «• 

to  which  a  drawing  is  made.  Dimension  figures  are  not  to 
be  placed  on  the  plates,  since  the  object  in  requiring  the 
student  to  draw  these  projections  is  rather  to  enable  him  to 
gain  an  idea  of  their  principles  than  to  be  able  to  make  a 
finished  working  drawing. 

Dimension  and  extension  lines  when  used  should  be  light 
broken  lines.  Care  should  be  exercised  to  make  the  arrow- 
heads as  neatly  as  possible  and  of  a  uniform  size — not  too 
flaring.  They  are  made  with  a  steel  writing  pen,  and  their 
points  should  touch  the  extension  lities,  as  illustrated  in 
Fig.  2. 


DRAWING  PliATE,  TITL.E:    PROJECTIONS  I. 

23.  General  Instructions. — This  plate  is  divided  into 
four  equal  spaces,  and  each  of  these  divisions,  with  the 
exception  of  the  upper  left-hand  space,  is  again  divided,  by 
means  of  a  central  vertical  line,  into  two  equal  parts.  Use 
light  pencil  lines,  as  they  are  not  to  be  inked  in  and  are 
intended  only  to  facilitate  the  location  of  the  problems. 
These  lines  are  not  shown  on  the  printed  copies  of  the 
plates.  Before  attempting  to  draw  any  of  the  problems 
on  the  plate,  the  explanations  accompanying  each  problem 
should  first  be  carefully  read  and  compared  with  the 
reduced  copy  of  the  plate  and  also  with  the  illustrations 
in  this  section.  The  principles  of  projection  drawing  will 
thus  be  better  understood  by  the  student,  and  their  applica- 
tion readily  made  when  more  difficult  drawings  are  under- 
taken. 
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The  fundavtental  laivs  of  projection  are  contained  in  the 
first  four  problems y  and  if  these  are  thoroughly  mastered  by 
the  student^  the  application  of  the  laws  to  the  remaining  prob- 
lems will  be  comparatively  easy, 

34.  Why  different  Views  Are  DrawTi. — The  names  of 
the  different  views  have  already  been  noted;  in  this  plate  it 
is  shown  how  they  are  distinguished  from  one  another  in  a 
drawing.  The  relation  of  the  different  views  to  one  another 
will  also  be  explained. 

Some  objects  in  certain  positions  may  have  all  their  dimen- 
sions represented  in  two  views — a  plan  and  an  elevation — but 
generally  three  views  should  be  drawn.  There  are,  indeed, 
many  cases  where  views  from  each  of  the  six  sides,  as  well 
as  sections  and  views  taken  from  oblique  positions,  are  neces- 
sary. It  has  already  been  observed  that  lines  are  represented 
in  their  true  length  only  when  at  right  angles  to  the  lines  of 
sight;  consequently,  since  the  position  of  the  object  in  any 
set  of  views  is  not  changed,  it  is  necessary  to  change  the 
position  of  the  observer  in  such  a  manner  as  to  bring  the  lines 
of  sight  where  they  vtill  be  at  right  angles  to  the  lines  in  the 
object,  thus  enabling  the  latter  to  be  shown  in  their  true 
length  on  the  drawing. 

The  student  will  readily  perceive  that  in  pattern  drafting 
it  is  of  the  highest  importance  that  the  lines  which  combine 
to  make  up  the  surfaces  of  any  object  should  be  shown  in 
their  true  length,  or  at  least  be  presented  in  such  positions 
that  their  true  lengths  may  be  easily  found.  Without  these 
true  lengths,  no  measurements  can  be  obtained  from  which 
to  lay  out  the  patterns,  a  pattern  being  merely  a  representa- 
tion of  the  surfaces  of  some  solid.  It  is  necessary,  therefore, 
to  be  prepared  to  take  views  of  any  object  from  any 
position;  for  there  are  many  different  forms,  or  shapes,  of 
solids,  and  it  is  necessary  to  be  able  to  show  in  its  true  length 
any  line  in  the  object  that  may  be  needed  for  a  pattern. 

36,  The  Base  lilne. — We  shall  first  consider  objects  in 
positions  that  may  be  shown  in  two  views.  Draw  a  horizon- 
tal line  through  the  central  portion  of  the  upper  left-hand 
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space  on  the  drawing,  as  at  m-n  on  the  plate.  In  the  portion 
of  the  space  below  this  line  are  to  be  drawn  the  top  plans  of 
each  of  the  two  simplest  forms,  viz.,  the  point  and  the  line. 
The  space  above  this  line  is  to  contain  the  elevations  of  the 
same  forms.  The  line  thus  drawn  is  called  a  base  line,  and 
defines  the  boundary  of  the  surfaces  on  which  we  are  to 
** sight,"  or,  as  we  shall  say  hereafter,  on  which  we  are  to 
project  the  lines  of  sight.  It  is  necessary  to  call  the  imagi- 
nation into  use  again,  and  imagine  the  paper  to  be  bent  up 
at  a  right  angle  on  this  line. 

26,  Planes  of  Projection. — The  drawing  paper  is  imag- 
ined to  be  the  surface  that  intercepts  the  lines  of  sight,  and 
in  the  case  of  a  plan,  as  seen  from  instruction  already  given, 
must  be  a  horizontal  surface;  while  in  the  case  of  an  eleva- 
tion, it  is  imagined  to  be  a  vertical  surface.  The  different 
portions  of  the  drawing  on  which  the  projections  are  made 
are  called  planes  of  projection,  and  are  also  distinguished 
by  other  names  that  designate  the  position  they  are  supposed 
to  occupy  in  intercepting  the  lines  of  sight.  That  portion 
of  the  drawing  on  which  the  elevation  is  drawn  is  called  the 
vertical  plane  of  projection;  it  is  represented  on  this  plate 
by  the  space  above  the  base  line;  the  portion  below  the  base 
line  is  devoted  to  the  plan,  and  is  called  the  horizontal  plane 
of  projection.  We  shall,  for  the  sake  of  brevity,  refer  to 
these  surfaces  by  the  use  of  the  letters  V  P  and  H  P,  respect- 
ively. Copy  these  letters  into  the  upper  and  the  lower  left- 
hand  portion  of  their  respective  spaces  on  the  drawing, 
using  for  that  purpose  a  block  letter  one-half  the  size  of  the 
title  letter,  and  leaving  a  distance  of  \  inch  from  the  border 
lines  of  the  spaces. 

27,  Foot  of  tlie  I^lne  of  Sl^ht. — Before  proceeding 
with  the  drawing  of  this  plate,  it  is  desired  to  call  the  atten- 
tion of  the  student  to  the  distinction  to  be  observed  between 
the  imaginative  and  the  practical  features  of  this  subject. 
The  imaginative  feature  is  employed  when  a  conception  of 
an  object  is  formed  by  the  student  in  accordance  with  the 
instruction  in  previous  articles,  and  also  when  the  lines  of 
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sight  are  applied  in  the  imaginary  way,  as  in  the  **  sighting  " 
illustrated  in  Fig.  1.  The  application  of  the  practical  feature 
in  this  instance  is  made  when  the  position  of  each  division 
of  the  rule  is  indicated  on  the  drawing  by  a  pencil  mark  or 
dot.  The  practical  part  of  the  work  is  always  accomplished 
by  the  aid  of  pencil  and  drawing  instruments. 

The  two  features  are  closely  associated,  since  we  cannot 
have  a  practical  representation  of  any  object  without  first 
having  an  idea,  or  an  imaginative  conception,  either  of  the 
object  itself  or  of  the  means  of  projection.  The  practical 
feature  of  the  work  was  introduced  in  the  illustration  (Fig.  1), 
when  a  mark  or  dot  was  made  on  the  paper,  thereby  indica- 
ting the  position  of  the  point  at  which  the  line  of  sight 
was  intercepted  by  the  plane  of  projection. 

That  point  on  any  plane  or  drawing  where  a  line  of  sight 
is  intercepted  is  called  the  foot  of  the  line  of  sight.  When 
the  foot  of  every  line  of  sight  that  can  be  used  on  the  ele- 
mentary points  of  any  object  is  thus  represented  on  the 
drawing  by  dots,  and  connecting  lines  are  drawn  between 
such  dots,  the  drawing  is  completed,  and  the  object  is  said 
to  be  **  projected." 

28,  Projectors. — If  but  one  view  of  an  object  were 
required,  the  use  of  the  lines  of  sight  as  previously  explained 
(representing  the  imaginative  feature),  and  the  drawing  of 
the  dots  and  lines  referred  to  in  the  previous  article  (repre- 
senting the  practical  feature),  would  be  all  that  is  necessary 
for  the  student  to  understand  before  proceeding  with  the 
work  on  the  drawing  board. 

Since  it  has  been  shown  that  several  views  are  required, 
another  important  practical  feature  must  necessarily  be 
explained.  This  relates  to  the  connection  usually  established 
between  the  different  views  of  a  drawing  and  the  lines  that 
are  drawn  in  a  certain  manner  between  corresponding  points 
in  each  view.  These  lines  are  usually  not  represented  in  a 
finished  drawing,  since  they  are  in  the  nature  of  construction 
lines.  They  are  essential,  however,  to  the  work  of  making 
the  drawing,  and  it  is  very  important  that  the  student  should 
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thoroughly  understand  th^  principles  by  which  they  are 
employed.  These  lines  are  called  projectors,  and  may  be 
defined  as  the  trace  of  a  line  of  sight,  or  the  representation 
of  the  foot  of  a  line  of  sight  moving  in  a  certain  direction. 
Projectors  are  used  in  two  ways,  which  are  distinguished 
from  each  other  for  the  present  by  the  terms  primary  and 
secondary, 

!39«  Primary  Projectors.  —  This  use  of  projectors  is 
illustrated  in  Fig.  3,  which  shows  the  drawing  bent  up  at  a 
right  angle  along  the  base  line  m-n.  The  point  A  is  pro- 
jected to  H  P  by  the  vertical  line  of  sight  CB\  it  is  also 


Fig.  8. 

projected  to  V  P  by  the  horizontal  line  of  sight  D  E\  B  and  E 
are  dots  at  the  foot  of  each  line  of  sight. 

It  is  assumed  that  the  first  position  of  the  observer  is  at  C\ 
he  then  moves,  in  the  direction  of  the  arrow,  along  the 
dotted  line  to  D.  If,  in  so  doing,  he  continues  to  sight 
through  the  point  Ay  it  is  apparent  that  a  line  will  be  traced 
from  5  to  /'on  H  P,  and  from  F\.o  E  on\9.  The  upright 
portion  of  the  drawing  V  P  is  now  imagined  to  be  bent  back- 
wards until  laid  flat  on  the  drawing  board,  and  it  is  evident 
that  EFB  is  represented  on  the  flat  surface  of  the  two 
planes  of  projection  by  the  straight  line  E'FB,     It  may 
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therefore  be  drawn  as  a  straight  line  by  the  aid  of  the  tri- 
angle and  T  square,  the  position  of  the  point  A  in  each  view 
being  determined  by  the  points  B  and  E'  at  the  extremities 
of  the  line.  These  points  (or  dots,  for  points,  being  entirely 
imaginary,  could  not,  of  course,  be  actually  represented)* 
B  and  E'  are  the  projections  of  the  point  A — the  line  drawn 
between  them  {BEE')  is  called  2i projector.  When  projectors 
are  used  as  in  this  illustration — that  is,  between  two  planes 
that  may  actually  be  bent  up  as  shown  in  Fig,  3 — they  are 
said  to  be  used  in  2^  primary  manner. 

The  secondary  use  of  the  projector  will  be  shown  in  con- 
nection with  Problem  3,  Case  III. 

The  practical  use  of  the  projector  is  clearly  shown  in 
the  following  problems.  It  is  a  most  important  factor  in 
the  projection,  and,  as  will  be  seen  from  instruction  soon 
to  follow,  is  often  the  first  line  to  be  used  in  a  drawing. 


PROBLEM  1. 

30.  To  project  the  plan  and  elevation  of  an  imagri- 
nary  i>olnt. 

There  are  two  cases  of  this  problem,  representing  differ- 
ent positions  of  the  point.  Definite  instructions  are  given 
for  drawing  the  first  projection,  and  the  student  is  expected 
to  draw  the  second  projection  without  further  directions. 


♦  Attention  has  been  called  to  the  fact  that  points,  lines,  and  surfaces 
are  entirely  imaginary  geometrical  forms.  This  is  true  in  the  sense 
that  the  student  must  consider  such  forms  in  the  imaginative  study  of 
this  subject.  When  their  representation  on  the  drawing  paper  is  con- 
sidered, however,  something  that  can  actually  be  seen  by  the  eye  is 
required.  Therefore,  when  a  point  is  referred  to  in  this  section  as  per- 
taining to  the  drawing,  it  is  to  be  represented  by  a  neat  dot  in  the 
E roper  place  on  the  paper.  In  like  manner,  a  line  should  be  represented 
y  a  fine  pencil  mark  drawn  between  two  points  marking  its  extrem- 
ities. When  the  line  is  to  serve  a  special  purpose,  as  explained  in  this 
section,  it  is  inked  in  in  a  particular  manner  characteristic  of  its  use,  in 
order  that  the  drawing  may  be  more  easily  read.  A  surface,  therefore, 
would  be  represented  by  a  portion  of  the  drawing  bounded  by  the 
proper  lines  and  descriptive  of  the  form  of  surface  represented.  Re- 
member that  accurate  work  cannot  be  done  unless  the  pencil  points  are 
in  good  condition.  The  student  should  provide  himself  with  a  smooth 
file  or  piece  of  fine  sandpaper  and  frequently  sharpen  the  chisel  point 
of  the  leads  in  both  pencil  and  compasses,  in  order  that  fine  sharp  lines 
may  be  readily  drawn. 
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Case  1. — IV/ten  the  point  is  located  1  inch  from  each  of  the 
two  surfaces  V  P  and  H  P. 

This  position  is  illustrated  in  Fig.  3,  referred  to  in 
Art.  29, 

Construction. — Fix  a  point  B  (see  plate)  1  inch  below 
the  base  line  on  the  drawing.  This  point  should  be  f  inch 
from  the  left-hand  side  of  the  drawing,  and  is  the  plan  view 
of  the  point  given  in  the  problem.  Bring  the  T  square  and 
triangle  into  position  and  draw  the  projector  vertically 
upwards  and  across  the  base  line.  Fix  a  point  at  FJ  on  the 
projector  1  inch  above  the  base  line.  A  projection  drawing 
is  thus  made,  showing  two  views — a  plan  and  an  elevation 
— of  the  required  point,  the  position  of  which  is  thus  defi- 
nitely established. 

Fig.  3  is  an  illustration  of  the  imaginative  feature,  and 
the  projection  drawing  just  made  is  a  representation  of  the 
practical  feature  of  the  work — the  part  actually  made  by 
the  draftsman.  The  intimate  connection  between  the  two 
features  may  be  seen  if  the  drawing  just  made  is  compared 
with  the  illustration  in  Fig.  3.  Similar  results  are  found 
to  have  been  accomplished  in  both  cases,  the  method  last 
employed  being  the  only  one  practicable  for  actual  use. 
When  inking  in  this  drawing,  make  small  roimd  dots  to 
represent  the  positions  of  the  points,  and  always  ink  in 
projectors  as  light  dot-and-dash  lines,  as  shown  on  the 
plate.  These  dot-and-dash  lines  should  be  inked  in  in  a 
uniform  manner,  as  on  the  plate,  the  dashes  being  about 
\  inch  in  length  and  spaced  about  ^  inch  apart,  with  a 
light  dot  between  each  dash.  Measure  the  distances  by  the 
eye,  and  preserve  a  uniform  shade  for  all  projectors,  thus 
giving  the  drawing  a  neat  appearance.  The  base  line  should 
be  represented  by  a  heavy  dotted  line,  as  shown  at  ;;/-;/  in 
the  perspective  illustration  of  Fig.  3. 

When  making  the  preliminary  drawings^  do  not  attempt 
to  draw  dotted  lines  with  the  pencil^  since  this  is  liable 
to  affect  the  accuracy  of  the  work.  Keep  the  chisel  point 
of  the  pencil  sharp,  and  draw  as  fine  a  line  as  can  be  dis- 
tinctly seen.     The  contrast  between  the  different  lines  on 
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the  drawing  may  then  be  clearly  indicated  when  the  work 
is  inked  in. 

Case  II. —  IVhen  the  point  is  located  11^  inches  from  V  P 
and  ^  inch  from  H  P. 

The  student  will  fix  the  location  of  the  point  in  the  plan 
and  elevation  on  the  drawing  without  further  instructions, 
bearing  in  mind  the  fact  that  distances  from  V  P  are 
measured  on  the  plan  and  distances  from  H  P  are  shown  in 
the  elevation.  Reference  to  Fig.  3  explains  this  statement. 
Case  II  should  be  placed  on  the  drawing  about  \  inch  to 
the  right  of  the  preceding  figure. 


PROBLBM  8. 

31,  To  project  the  plan  and  elevation  of  an  imag:- 
Inary  line^  the  line  being:  In  a  rlg^ht  position. 

The  term  right  position  is  used  in  connection  with  pro- 
jection drawing  as  distinguished  from  the  terms  inclined^ 
or  oblique^  position.  The  line,  therefore,  can  be  either  in  a 
horizontal  position  or  in  a  vertical  position  and  still  be 
designated  as  in  a  right  position.  There  are  three  figures 
for  this  problem,  representing  three  cases  where  the  line  is 
in  a  right  position  and  yet  represented  differently  on  the 
drawing.  The  different  positions,  the  various  distances, 
and  the  length  of  the  lines  for  the  three  cases  of  this  prob- 
lem are  clearly  illustrated  in  the  perspective  drawings 
shown  in  Figs.  4,  5,  and  6.  Instructions  are  given  for  the 
drawing  of  Case  I  on  the  plate,  but  the  student  is  expected 
to  be  ab\e  to  make  the  drawings  for  Cases  II  and  III  with- 
out further  directions  than  those  contained  in  the  illustra- 
tions. Be  careful  to  preserve  a  distance  of  \  inch  between 
the  drawings,  so  that  the  plate  may  present  a  neat  appear- 
ance when  completed. 

Case  I. —  Wheyi  the  liyie  is  parallel  to  both  H  P  and  V  P. 

Explanation. — This  position  of  the  line  is  illustrated  in 
Fig,  4,  and,  as  apparent  from  that  figure,  the  drawing  is 
merely  an  extension  of  Problem  1.     Each  end  of  the  line 
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is  treated  as  a  point,  projected  first  to  the  plan  and  after- 
wards to  the  elevation  in  precisely  the  same  manner  as  was 
the  point  in  Problem  1,  the  only  difference  being  that  there 
are  two  points  instead  of  one,  for  we  cannot  have  a  line 
without  establishing  at  least  two  points. 

This  problem  also  illustrates  another  principle  of  projec- 
tion already  referred  to,  viz.,  all  lines  at  right  angles  to  the 
lines  of  sight,  in  any  view,  are  shown  in  that  view  in  their 
true  length;  or,  in  other  words,  the  lines  that  are  to  be 


FlO.  4. 

made  on  the  drawing  to  represent  the  plan  and  elevation 
of  A  By  Fig.  4,  will  be  of  the  same  length  as  -^  ^  is  indi- 
cated in  the  figure,  viz.,  2  inches.  The  angles  H  A  B  and 
LAB  are  right  angles,  although  shown  in  perspective  in 
the  figure;  and,  since  the  lines  of  sight  in  any  view  are 
always  parallel  to  each  other,  the  angles  G  B  A  and  K  B  A 
must  also  be  right  angles;  consequently,  as  the  line  -^  -5  is 
at  right  angles  to  the  lines  of  sight  in  both  views,  it  must 
be  shown  in  its  true  length  in  both  the  plan  and  the  eleva- 
tion on  the  drawing. 

Construction. — To  make  this  drawing  on  the  plate,  draw 
a  horizontal  line  of  the  given  length  and  the  proper  dis- 
tance (i.  e.,  1  inch)  below  the  base  line.  This  will  be  the 
plan  of  the  line  A  B,     From  each  end  of  this  line  (CD  in' 
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Fig.  4  and  on  the  plate),  draw  projectors  to  the  elevation ; 
or,  to  use  the  term  by  which  such  operations  are  desig- 
nated, project  the  ends  of  the  line  CD  to  the  elevation. 
After  measuring  off  the  proper  height  above  the  base  line, 
draw  the  horizontal  line  E l'\  which  is  the  elevation  of  the 
line  A  B. 

Note. — When  a  point  is  projected  from  one  view  to  another,  its 
projector  (a  straight  line)  is  drawn  from  the  first  view  to  the  view  pro- 
jected, and  always  at  right  angles  to  the  base  line. 

Case  II. —  Where  the  line  is  in  a  horizontal  position  and  at 
right  angles  to  V  P. 

Explanation. — Fig.  5  illustrates  this  case.  It  will  be 
noticed  that  the  plan  view  of  the  line  does  not  differ  very 
much  from  the  plan  of  the  line  given  in  Case  I,  merely  that 
it  is  represented  by  a  vertical  line  on  the  drawing  in  the 
plan    in   place   of   a   horizontal   line,    as   in    Case    I.     The 


Fig.  6. 


line  A  B  \s  2iX.  right  angles  to  the  vertical  lines  of  sight  G D 
and  7/6  in  both  cases.  The  line  AB  in  this  figure  is  in 
such  a  position  that  the  horizontal  line  of  sight  K E  passes 
through  both  points  B  and  A.  The  projection  of  these 
points,  therefore,  on  the  elevation  is  the  single  point  E  at 
the  foot  of  the  line  of  sight  K E,  A  single  line  of  sight  may 
pass  through  an  unlimited  number  of  points  in  any  view, 
but  the  foot  of  such  line  of  sight  is  always  represented  in 
that  view  by  one  point  on  the  drawing.     The  student  who 
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is  to  read  that  drawing  must  picture  to  himself,  or  imagine, 
the  position  of  these  points  as  they  are  supposed  to  exist  in 
the  object  of  which  any  drawing  is  a  representation.  It  is 
further  to  assist  his  imagination  that  other  views  are  drawn, 
and  by  means  of  which  the  position  of  the  different  points 
may  be  definitely  located.  Thus,  in  this  case,  if  we  were 
to  consider  the  elevation  alone,  without  paying  any  atten- 
tion to  the  plan,  we  would  say  that  the  point  E  represented 
merely  some  other  point  (imaginary,  of  course)  that  could 
be  situated  anywhere  on  the  line  of  sight  K E.  A  glance  at 
the  plan,  however,  shows  not  only  where  the  location  is, 
but  how  many  points  are  represented.  In  this  case,  there 
are  two  points  represented  by  E^  one  directly  in  line  with  the 
other.  The  plan  also  shows  how  far  apart  these  points  are, 
and  from  the  two  views  it  can  be  further  seen  that  the  line 
is  in  a  right  position  perpendicular  to  VP.  If  it  were  not, 
the  two  points  would  not  be  in  the  same  line  of  sight,  and 
would,  consequently,  require  two  positions  on  the  elevation, 
whereas  they  are  designated  by  the  one  position  E^  Fig.  5. 
Construction. — Since  the  drawings  for  this  case  have 
been  shown  in  the  preceding  explanation  to  be  similar  to 
those  of  Case  I,  no  definite  instructions  need  be  given.     The 


Fig.  6. 


two  drawings  differ  in  position  only,  and  are  drawn  as  shown 
on  the  plate,  the  plan  being  first  constructed. 
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Case  III. —  Where  the  line  is  in  a  vertical  position. 

This  is  shown  in  Fig.  6,  each  feature  of  which  has  already 
been  explained  in  connection  with  Figs.  4  and  5.  The 
drawing  may,  therefore,  be  made  by  the  student  in  accord- 
ance with  the  dimensions  given  in  the  illustration. 

32.  Proof  of  a  Projection  Draiivlngr.  —  The  various 
cases  of  the  foregoing  problem  represent  lines  in  differ- 
ent positions,  and,  as  in  the  case  of  the  point  in  Problem  1, 
the  student  will  see  that  these  projections  definitely  repre- 
sent the  position  of  each  line ;  further,  that  for  each  posi- 
tion indicated,  but  one  line  can  be  placed,  or  can  occupy 
that  position.  It  is  recommended  that  the  student  prove 
this  assertion  as  follows:  Copy  the  projections  of  this  prob- 
lem on  another  piece  of  paper  and  bend  the  paper  at  right 
angles  along  the  base  line,  as  shown  in  the  illustrations; 
take  a  piece  of  small  wire  of  the  given  length,  to  represent 
the  lines,  and  proceed  to  hold  it,  in  turn,  over  the  drawing 
for  each  case — at  the  same  time  ** sighting,"  or  using  the 
lines  of  sight,  as  illustrated.  It  will  be  seen  that,  in  order 
to  make  the  foot  of  each  separate  line  of  sight  come  to  the 
proper  place  on  the  drawing,  the  wire  must  be  held  in  the 
position  indicated  in  the  statement  of  the  case. 


PROBLEM  8. 

33.  To  dra^v  tlie  projections  of  an  Imagrinary  line  in 
a  rlgflitly  inclined  i>osition. 

There  are  three  cases  of  this  problem,  in  all  of  which  the 
given  line  is  rightly  inclined;  that  is,  the  angle  of  inclina- 
tion is  such  that  the  true  length  of  the  line  may  be  shown 
in  either  a  plan,  a  front  elevation,  or  in  some  elevation  that 
shall  be  at  right  angles  to  the  front  elevation.  The  differ- 
ent cases  of  this  problem  are  presented  in  perspective  views, 
from  which  the  projection  drawings  are  to  be  made  by  the 
student.  They  illustrate  the  principles  of  foreshortened 
views. 
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Case  I. —  Where  the  line  is  horizontal^  but  inclined  to  y  P 
at  an  angle  ofJ^S"^. 

Explanation. — This  is  shown  in  Fig.  7,  which  gives  all 
the  dimensions  and  distances  necessary  to  enable  the  student 
to  draw  the  projections  on  the  plate.    The  student  will  note 


FIG.  7. 

the  position  of  each  point  and  carefully  observe  the  instruc- 
tions for  making  the  drawings.  Bear  in  mind  that,  although 
the  drawing  is  only  that  of  a  single  line,  careful  study  must 
be  given  to  it,  for  the  principles  on  which  these  simple  pro- 
jections are  made  are  the  same  as  for  any  other  projection 
drawing.  These  principles  are  shown  in  a  more  compre- 
hensive way  in  simple  problems  than  if  an  object  of  complex 
form  were  presented,  requiring  a  confusing  number  of 
points  to  define  its  outline.  In  Cases  I  and  II  of  this 
problem,  the  plan  is  first  to  be  drawn  and  the  elevation 
projected  therefrom. 

Construction. — Since  the  line  in  Case  I  i^  in  a  horizontal 
position,  and  therefore  at  right  angles  to  the  vertical  lines 
of  sight,  it  will  be  shown  in  its  full  length  on  the  plan. 
The  line  is  stated  to  be  inclined  to  V  P  at  an  angle  of  45°; 
draw  the  plan,  therefore,  at  that  angle  to  the  base  line  and 
at  such  distance  below  the  base  line  as  indicated  in  Fig.  7 
and  shown  at  -^  5  on  the  plate.  Project  the  points  A  and  B 
to  the  elevation,  and  at  the  given  height  above  the  base  line 
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draw  a  horizontal  line  between  the  projectors.  This  is  the 
elevation  of  the  line  shown  in  the  plan,  and,  since  its  entire 
length  is  contained  between  the  horizontal  lines  of  sight  F E 
and  H G^  Fig.  7,  the  line  cannot  be  shown  on  the  elevation 
as  being  any  longer  than  the  perpendicular  distance  between 
the  projectors.  This  distance  being  less  than  the  actual 
length  of  the  line,  the  elevation  is,  in  this  case,  called  2l  fore- 
shortened wievf  of  the  line.  It  represents,  however,  the  entire 
line,  and  reference  to  the  plan  is  necessary  in  order  to  find 
its  true  length. 

Case  II. —  Where  the  line  is  parallel  to  WP  but  inclined  to 
WP  at  an  angle  of  60''. 

Construction. — Fig.  8  shows  that  the  plan  is  to  be  repre- 
sented by  the  horizontal  Wn^  F H,  It  also  gives  the  length 
of  the  line  in  the  plan,  which  is  a  foreshortened  view. 
Therefore,  draw  FH  1  inch  long  and  1  inch  below  the  base 


Fig.  8. 

line.  Draw  the  projectors  and  fix  a  point  at  yon  the  pro- 
jector drawn  from  F,  at  the  proper  distance  above  the  base 
line.  This  will  be  one  end  of  the  line  in  the  elevation. 
With  the  compasses  set  to  2  inches  (the  length  of  A  B)  and 
using  the  pointy,  fixed  on  the  projector  drawn  from  F^  as  a 
center,  describe  an  arc  intersecting  the  other  projector.    The 
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point  that  represents  the  other  end  of  the  line  is  located  at 
this  intersection,  and  the  line  may  then  be  drawn..  Now 
bring  the  T  square  into  position  and  prove  by  the  triangle 
that  the  line  yiir  is  at  an  angle  of  60°  with  the  baseline. 
It  will  be  seen  that  it  would  have  been  possible,  after  fixing 
the  position  of  a  point  at  either  end,  to  have  drawn  the  line 
at  once  with  the  60°  triangle.  Attention  is  called  to  both 
methods  in  order  to  show  the  student  the  connection 
between  them. 

Case  III. —  Where  the  line  is  rightly  inclined  to  WP  at  an 
angle  of  60°  and  is  also  inclined  to  H  P. 

Explanation. — In  Cases  I  and  II,  the  line  has  been  in 
such  positions  as  to  enable  its  full  length  to  have  been 
shown  in  one  of  the  views  drawn  on  the  plate.  In  this  case, 
a  position  is  illustrated  in  which  the  line  is  shown  foreshort- 
ened in  both  of  these  views.  It  will  therefore  require 
another  view  to  be  projected^  in  order  that  the  line  may  be 
shown  in  its  true  length.  Since  it  is  known  that  the  line  is 
rightly  inclined,  the  additional  view  required  will  be  at  right 
angles  to  the  base  line.  As  another  view  is  to  be  drawn,  so 
another  base  line  will  be  required.  This  base  line,  being 
merely  the  lower  boundary  of  a  surface  supposed  to  be  in  an 
upright  position  to  receive  the  lines  of  sight,  and  at  right 
angles  to  the  surface  of  the  elevation  previously  drawn^  will, 
consequently,  be  at  right  angles  with  the  base  line  in  a 
drawing  that  shows  only  two  views — such  drawings  as  have 
thus  far  been  made. 

Fig.  9  contains  the  given  dimensions,  etc.  for  this  position 
of  the  line.  This  perspective  figure  shows  the  interception 
of  the  lines  of  sight  from  still  another  direction  than  has 
been  shown  in  the  preceding  illustrations.  In  the  same 
manner,  a  view  may  be  obtained  from  any  side  of  an  object, 
or  at  any  angle  other  than  a  right  angle.  The  method  of 
accomplishing  these  results  by  the  use  of  the  T  square  and 
triangle  on  the  flat  surface  of  the  drawing  board  will  now 
be  shown,  and  the  illustration  of  the  bent-up  surfaces  will 
not  be  continued  beyond  this  problem.     Such  illustrations 
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are,  however,  always  implied  in  a  projection  drawing,  for 
that  part  of  the  work  is  the  imaginative  feature  previously 
mentioned,  to  which  the  attention  of  the  student  will  be 
directed  throughout  this  instruction. 

Since  the  angle  of  inclination  to  the  elevation  is  the  same 
in  this  case  as  in  the  plan  of  Case  II,  the  length  shown  on 
the  elevation  of  this  projection  will  be  the  same  as  in  the  plan 
of  that  case.  In  this  drawing,  the  line  is,  however,  in  a 
different  position  as  related  to  the  plan,  and  from  Fig.  9  it 
will  be  seen  that  it  must  be  represented  by  a  vertical  line  in 
that  view  on  the  drawing. 

Construction. — Extend  the  base  line  on  the  plate  to  the 
center  of  the  next  space,  from  which  point  draw  a  vertical 


FIG.  9. 

line  downwards  to  the  division  line;  these  lines  are  to  be 
inked  in  the  same  as  the  base  line  in  the  first  space.  In  the 
smaller  space  thus  enclosed  on  the  drawing  is  to  be  drawn 
the  plan  for  this  problem,  the  front  elevation  occupying  the 
same  relative  position  as  before,  directly  above  the  plan, 
while  in  the  space  at  the  right  the  side  elevation  will  be  pro- 
jected. First,  draw  the  elevation  as  at  E'  F  on  the  plate, 
fixing  the  point  E'  at  the  specified  distance  above  the  base 
line.  As  the  foreshortened  length  in  the  plan  is  given  in 
Fig.  9  as  If  inches,  draw  the  line  CD  of  that  length,  as 
shown  on  the  plate,  keeping  the  point  C  at  its  proper  dis- 
tance below  the  base  line,  as  indicated  in  Fig.  9.     The  view 
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to  represent  this  line  in  its  true  length  may  next  be  drawn. 
It  is  known  that  this  view  must  be  one  in  which  the  line 
itself  is  represented  at  right  angles  to  the  lines  of  sight. 
There  is  a  choice  of  two  views  for  this  projection — either  to 
the  right  or  to  the  left  side.  Having  already  utilized  the 
space  to  the  left  on  the  plate,  the  side  elevation  is,  in  this 
case,  projected  to  the  right.  The  method  employed  in 
Case  II  might  here  be  used  to  project  the  side  elevation,  but 
since  it  is  customary,  when  a  number  of  elevations  are  pro- 
jected from  the  same  plan,  to  facilitate  the  operation  by 
drawing,  between  such  views,  lines  that  are  termed  second- 
ary projectors^  an  explanation  of  their  use  is  here  presented. 

34,  Secondary  Use  of  tlie  Projector. — The  term  sec- 
ondary is  not  applied  in  the  case  of  projectors  as  indicating 
an  unimportant  or  infrequent  application  of  these  lines. 
The  name  is  used  rather  to  distinguish  operations  in  which 
similar  principles,  as  applied  to  the  imaginative  features,  are 
differently  represented  on  the  drawing  in  the  application  of 
the  practical  features  of  the  work.  In  fact,  both  uses  of 
these  lines  are  required  in  most  drawings.  It  is  therefore 
essential  that  the  student  should  become  familiar  with  the 
various  means  employed  in  producing  them  on  the  drawing. 

35.  It  is  evident,  from  an  inspection  of  Fig.  9,  that  the 
eye  of  the  observer  at  jE,  in  moving  around  along  the  broken 
line  in  the  direction  of  the  arrows  to  take  position  at  K^ 
would  trace  a  line  from  /%  through  (9,  to  Z.  The  part  of 
this  line  (F(?)  that  shows  on  the  front  elevation  is  parallel 
to  the  base  line  of  that  surface ;  and  also,  the  part  of  that 
line  {OL)  shown  on  the  side  elevation  is  parallel  to  the  base 
line  of  the  side  elevation.  It  is  seen  that  the  definition  of 
the  projector,  as  previously  given,  applies  equally  to  the 
lines /^ (9  and  O  L,  If  the  two  planes  of  projection  repre- 
sented by  the  two  upright  surfaces  could  be  bent  in  the 
same  relation  to  each  other  as  were  the  plan  and  the  elevation 
in  Fig.  3 — i.-e^  on  the  line  PQ^  Fig.  9 — the  use  of  the  pro- 
jectors in  these  views  would  be  no  different  from  that  already 
described.     It  is  customary,  however,  to  assume  that  such 
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upright  surfaces  are  always  bent  downwards  and  away  from 
the  plan ;  to  accomplish  this  result,  the  secondary  use  of  the 
projector  is  employed.  Suppose,  now,  that  the  upright  sur- 
faces, represented  in  Fig.  9,  were  bent  backwards  until  laid 
flat  on  the  drawing  board.  Evidently,  there  would  be  an 
appearance  presented  similar  to  that  shown  in  Fig.  10,  and 


Pig.  10. 
an  open  space  would  be  shown  on  the  drawing  board  in- 
cluded between  the  Single  PQP'.  The  paper  on  which  the 
drawing  is  made  is  not  of  an  irregular  shape,  thus  to  be 
bent  up  at  will ;  further,  the  operations  performed  in  pro- 
jection drawing  are  such  that  they  can  be  accomplished 
only  on  the  flat  surface  of  the  drawing  board. 

36.  It  is  found  that  similar  results  may  be  obtained  in 
two  ways,  both  being  easily  affected  by  the  aid  of  the  draw- 
ing instruments.  The  first  is  known  as  the  angular  method, 
and  is  thus  accomplished :  If  the  projectors  FO  and  O^  L^ 
Fig.  10,  or  any  other  corresponding  set  of  projectors,  parallel 
to  their  respective  "base  lines,  are  extended  until  they  inter- 
sect each  other,  it  is  found  that  all  the  intersections  are  on  a 
diagonal  line  terminating  exactly  at  the  intersection  of  the 
base  lines.  It  is  also  found  that  this  diagonal  line  exactly 
bisects  the  outer  angle  formed  by  the  base  lines.  Applying 
these  principles,  therefore,  to  the  drawing,  bisect  the  outer 
angle  formed  by  the  base  lines  on  the  plate  and  produce  the 
bisector  indefinitely  toward  the  right-hand  side  of  the  space. 
The  outer  angle  formed  by  the  base  lines  in  this  case  being 
an  angle  of  270°,  the  bisector  may  be  drawn  with  the  45°  tri- 
angle, since  a  line  thus  drawn  will  be  at  an  angle  of  135° 
with  both  base  lines. 
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37.  Fig.  11  is  a  reproduction  of  the  projection  drawing 
from  the  plate,  showing  the  bisector  drawn  as  previously 
directed.  Draw  F^ x  and  E*y  ^^ _«*£<>».41£«wjwct2i 
parallel  to  the  base  line  in  the 
front  elevation  ;  from  their  inter- 
sections with  the  bisector  at  x 
and  y^  draw  x  L  and  y  R  parallel 
to  the  base  line  in  the  side  eleva- 
tion. Project  the  points  C  and  D 
from  the  plan  to  the  side  elevation 
by  the  use  of  primary  projectors, 
as  previously  described.  The  side 
elevation  of  the  line  A  B  of 
Fig.  9,  then,  is  a  line  drawn  be- 
tween points  of  intersection  of 
the  primary  with  the  secondary 
projectors,  as  shown  by  RL^  Fig.  It.  The  lines  F^x^  x L 
and  Ky^  yR  are  called  secondary  projectors,  and  are  used, 
as  in  this  case,  when  projecting  points  between  views  that 
are  related  to  one  another  in  the  manner  shown.  Project- 
ors are  used  in  a  similar  way  when,  for  reasons  that  will  be 
shown  later,  the  base  lines  are  at  an  angle  other  than  a 
right  angle.  In  all  cases,  the  outer  angle  is  bisected  as 
shown  in  Fig.  11,  and  the  secondary  projectors  are  drawn 
parallel  to  their  respective  base  lines. 

Note  that  the  front  elevation,  shown  in  Fig,  11,  is  a  fore- 
shortened view,  and  corresponds  in  length  with  the  per  pen- 
dicular  distance  between  the  secondary  projectors  in  the 
side  elevation. 


Fig.  n. 


38.  Beading:  a  Drawing:. — The  ability  to  read  a  draw- 
ing consists  of  the  intelligent  comparison  of  the  different 
views,  and  is  well  illustrated  in  the  projections  just  drawn. 
The  different  views — or  the  different  projections,  as  they 
are  called — must  never  be  considered  as  drawings  apart 
from  one  another.  Each  projection  is  shown  to  be  neces- 
sary in  order  to  enable  the  position  of  some  point  or  element 
of  the  object  to  be  established  in  the  reader's  imagination. 
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PROBLEM  4. 

39.  To  drai^  the  projections  of  an  imagrinary  line  in 
an  obliquely  inclined  position. 

The  projections  of  this  problem  are  to  be  drawn  by  the 
student  in  the  next  space  on  the  plate,  following  the  instruc- 
tions here  given. 

Construction. — Draw  the  base  lines  as  in  the  last  space 
used  for  Problem  3,  but  place  the  lines  J  inch  higher  on  the 
plate  and  extend  them  \  inch  farther  to  the  right  in  the 
space.  These  base  lines  will  be  used  in  the  construction  of 
the  projections  as  before,  but  will  not  be  inked  in  on  this 
drawing;  they  are  construction  lines  only — to  be  erased 
from  the  plate  after  the  drawing  is  completed.  It  has  been 
shown  that  base  lines  are  necessary  for  determining  the 
position  of  the  different  points  on  a  drawing,  and  are 
essential  in  establishing  the  first  few  points  in  any  projec- 
tion; but  as  the  drawing  progresses  and  other  lines  are 
produced,  any  right  line  in  a  view — =i.  e.,  a  line  at  right 
angles  to  the  lines  of  sight — may  be  used  as  a  base  from 
which  to  establish  the  position  of  points  in  a  drawing. 

Represent  a  foreshortened  view  of  this  line  in  the  plan  by 
a  line  1^  inches  long,  drawn  at  an  angle  of  45°  with  the  base 
line  of  the  front  elevation,  as  shown  at  A  B^  Fig.  12;  draw 
the  front  elevation  (also  a  foreshortened  view)  at  an  angle 
of  30**  with  the  base  line.  Draw  the  line  A  B  \n  the  plan 
and  G  E  in  the  front  elevation  in  such  positions  that  the 
end  of  either  line  nearest  to  the  base  line  shall  be  J  inch 
from  that  line.  Next  draw  the  side  elevation  as  explained 
in  Problem  3,  Case  III,  and  it  will  be  seen,  when  the  side 
elevation  is  completed,  that  HJ  is  also  a  foreshortened 
view,  not  representing  the  true  length  of  the  line. 

An  elevation  will  now  be  projected  in  which  the  line  may 
be  shown  in  its  true  length.  This  will  be  an  elevation 
whose  surface  is  parallel  to  the  line.  Draw  the  base  line  of 
this  surface  ^inch  from  the  line  A  B  on  the  plan  and  par- 
allel to  that  line,  as  at  CD,  Fig  12.  This  figure  is  an  illus- 
tration of  the  projection  drawing,  showing  all  the  lines  used 
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in  its  construction,  certain  of  which,  as  already  explained, 
are  not  to  appear  in  the  completed  drawing  on  the  plate. 
Note  that  the  oblique  elevation  KL  is  projected  in  the 
same  manner  as  the  side  elevation  was  drawn,  the  only 
difference  being  that  the  outer  angle  O  DC^  formed  by  the 


PIO.  w. 


base  lines,  is  greater  than  a  right  angle,  but  is  treated  in 
the  same  way.  This  completes  the  problem,  and  in  finish- 
ing the  figure  on  the  plate,  the  student  will  ink  in  only  the 
different  views  and  the  primary  projectors,  erasing  all  other 
construction  lines. 
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40.  Finding  True  Xiengrths  by  Triangrles. — It  is  pos- 
sible to  find  the  true  lengths  of  lines  from  a  plan  and  any 

^  elevation  showing  such    lines   obliquely 
inclined,  by  a  shorter  method  than  that 
given  in  Problem  4.    This  is  accomplished 
by  the  use  of  the  right-angled  triangle. 
Fio.  13.  j£  gy^jj  ^  triangle  is  constructed,  with  its 

base  equal  to  the  length  of  the  line  shown  in  the  plan  and 
its  altitude  equal  to  the  vertical  height  shown  in  the  eleva- 
tion, the  hypotenuse  will  be  equal  to  the  true  length  of  the 
line.  This  is  shown  in  Fig.  13,  in  which  -^  -fi  is  made  the 
same  length  as  A  B,  Fig.  12,  and  B  C^  Fig.  13,  is  equal  to 
the  vertical  height  shown  in  the  elevation,  i.  e.,  E F^  Fig.  12. 
Since  A  B  C  is  a.  right  angle,  the  hypotenuse  A  C,  Fig.  13,  is 
equal  to  the  true  length  of  the  line.  This  statement  is  of 
the  greatest  importance  to  the  draftsman  and  should  be 
proved  by  the  student.  Construct  a  triangle  on  a  separate 
piece  of  paper  and  set  off  the  lengths  from  the  drawing 
with  the  dividers;  afterwards  compare  the  length  of  the 
hypotenuse  with  the  length  of  the  line  shown  in  the  oblique 
elevation,  or  full  view.  This  is  an  illustration  of  a  prin- 
ciple of  much  use  in  later  problems,  and  one  on  which  cer- 
tain important  principles  of  patterncutting  depend. 

41.  All  Projections  Depend  on  Similar  Principles. 

There  is  no  conceivable  position  of  a  line  that  may  not  be 
shown,  or  its  true  length  not  be  ascertained,  by  the  applica- 
tion of  the  principles  contained  in  the  foregoing  simple 
problems.  Lines  have  been  used  to  illustrate  these  problems 
drawn  at  such  angles  as  were  conveniently  made  with  the 
T  square  and  the  45°  or  C0°  triangles,  but  any  angle  or  any 
position  could  as  well  have  been  represented,  since  the  prin- 
ciples are  in  any  and  all  cases  the  same.  We  will  now  proceed 
with  the  representation  of  flat,  or  plane,  surfaces. 

42.  Planes,  or  Plane  Surfaces. — All  drawings  made 
to  represent  surfaces  are  composed  of  lines  that  bound,  or 
limit,  their  borders,  or  sides.     These  drawings,   therefore, 
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will  differ  from  those  of  the  foregoing  problems  only  in  the 
fact  that  they  are  the  representation  of  lines  shown  in  their 
relation  to  one  another.  There  are,  however,  certain  prin- 
ciples relating  to  flat,  or  plane,  surfaces  that  must  be  borne 
in  mind,  since  they  influence  this  relation  of  the  different 
lines  in  a  drawing. 

43.  That  the  student  may  have  a  thorough  knowledge 
of  the  principles  employed  in  the  representation  of  surfaces, 
it  is  essential  that  he  first  have  a  clear  conception  of  what  a 
plane  is.  A  plane  surface,  as  has  been  stated,  has  only  an 
imaginary  existence,  being  bounded,  or  enclosed,  by  imagi- 
nary lines;  this  surface  may  be  in  any  conceivable  position, 
but  is  always  a  flat  surface.  If  viewed  from  a  certain  direc- 
tion— viz.,  as  if  ''on  edge" — it  would  be  represented  by  a 
single  straight  line.  If  the  student  can  imagine  a  plane 
surface  indefinitely  extended  in  every  direction  beyond  the 
boundary  lines  of  the  figure,  he  will  have  a  very  good  con- 
ception of  a  plane;  any  number  of  points  or  lines,  the  posi- 
tions of  which  are  anywhere  on  this  surface  thus  extended, 
are  said  to  be  **  in  the  same  plane  "  in  relation  to  one  another. 

44.  To  illustrate:  Suppose  two  flat-top  tables  of  the 
same  height  are  on  the  floor  of  a  room  perfectly  level  and  of 
indefinite  extent.  Here  is  a  practical  representation  of  two 
planes,  both  of  them  in  a  horizontal  position ;  one  plane  is 
represented  by  the  floor,  while  the  other  plane  is  parallel  to 
the  first  and  **  passes  through"  the  tops  of  the  tables.  The 
surfaces  represented  by  the  tops  of  the  tables  are  said  to  be 
**  in  the  same  plane."  The  tables  may  be  placed  some  dis- 
tance apart,  yet  the  straight  edge  of  a  ruler  laid  across  their 
tops  would  exactly  coincide  with  the  upper  surfaces  of  both 
tables,  and  would  remain  in  contact  at  all  points  for  every 
position  of  the  ruler. 

The  plane  surface  represented  by  the  top  of  one  table  is 
said  to  be  **in  the  same  plane  "  as  the  corresponding  surface 
of  the  other  table.  The  same  could  be  said  with  reference 
to  any  other  surfaces  answering  the  same  test.    Any  number 
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of  flat  surfaces  are  said  to  be  in,  or  to  *Mie  in,"  the  same 
plane  with  one  another,  and  the  same  is  true  of  any  lines  or 
points  used  to  define  any  surface  or  position  in  that  plane. 

The  planes  in  the  foregoing  illustration  of  the  floor  and 
tables  are  horizontal  planes,  but  may  be  imagined  in  any 
position,  vertical  or  inclined,  needed  for  the  projections  of 
a  drawing. 

45.  Hoiv  the   Position  of  a  Plane  Is  Determined. 

Since  any  two  points  determine  the  position  of  a  line,  so  any 
three  points,  not  in  the  same  straight  line,  determine  the 
position  of  a  plane.  To  illustrate:  Take  a  square  piece  of 
cardboard,  thick  enough  to  remain  flat,  and  push  pins  of 
equal  length  through  each  of  the  four  corners  so  that  they 
will  resemble  the  legs  of  a  chair.  The  object  will  stand 
firmly  when  placed  on  a  level  surface  with  the  points  of  the 
pins  down,  for  the  reason  that  all  the  points  represented 
by  the  ends  of  the  pins  are  in  the  same  plane.  If  one  of  the 
pins  is  withdrawn  and  a  shorter  one  inserted  in  its  place, 
the  cardboard  will  not  be  stable  when  placed  as  before,  and 
can  be  **  rocked,"  for  the  point  at  the  extremity  of  the  short 
pin  is  not  in  the  same  plane  with  the  other  three.  Two 
planes  are  thus  defined — one  determined  by  points  at  the  ex- 
tremities of  the  three  long  pins,  and  the  other  by  points  at 
the  ends  of  the  short  and  the  two  adjacent  pins.  Both  of 
these  planes  may  be  imagined  as  extended  indefinitely,  one 
plane  being  inclined  to  and  intersecting  the  other. 

Again,  a  flat  sheet  of  metal  may  be  supposed  to  represent 
a  plane  surface.  All  points  that  may  be  located  on  this 
sheet  are  in  the  same  plane;  but  if  a  sheet  that  is  **  buckled  " 
is  chosen,  it  is  possible  to  locate  some  points  on  the  surface 
of  that  sheet  higher  or  lower  than  others,  and  the  points 
would  then  be  in  different  planes.  The  connection  between 
the  plane  and  the  plane  surface,  then,  is  such  that,  to  be 
defined  as  a  plane  surface,  every  point  on  that  surface  must 
be  in  the  same  plane. 

46.  In  drawing  different  views  for  the  illustration  of  the 
plane  surface,  we  shall  first  use  the  octagon,  requiring  the 
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projection  of  eight  points  and  the  intermediate  lines.  The 
use  of  the  word  "imaginary"  in  connection  with  the  state- 
ment of  the  problem  will  henceforth  be  discontinued,  since 
it  has  been  clearly  shown  that  all  surfaces,  as  well  as  other 
geometrical  elements,  depend  for  their  existence  on  the 
imaginative  feature  referred  to  in  previous  articles.  It 
will  be  understood,  therefore,  when  any  geometrical  element 
is  mentioned,  that  the  practical  feature  is  to  be  employed — 
the  imaginative,  of  course,  being  implied. 


PBOBLBM  5. 

47.  To  project  three  views  of  an  octagronal  surfkce, 
representiiifir  it  In  a  horizontal  position. 

The  three  views  consist  of  a  plan,  front,  and  side  elevation. 
A  perspective  view  of  the  surface  in  the  required  position  is 
shown  in  Fig.  14. 

Explanation. — All  lines  used  to  define  this  surface  in  the 
plan  are  at  right  angles  to  the  vertical  lines  of  sight;  and 
since  the  lines  will  thus  be  drawn  in  their  full  length  in  that 
view,  the  surface  will  there  be  shown  in  its  full  dimensions. 


PIO.  14. 


This  principle  also  applies  to  any  view  of  a  plane  surface  in 
which  all  its  lines  are  at  right  angles  to  the  lines  of  sight. 
The  plan  of  the  surface,  then,  will  be  a  true  octagon,  and 
may  be  drawn  oa  the  plate  with  lines  tangent  to  a  circle 
H  inches  in  diameter,  using  the  T  square  and  45°  triangle 
for  that  purpose. 
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Construction. — Draw  the  base  line  for  the  front  elevation 
3  inches  above  the  lower  border  of  the  drawing,  and  draw 
the  vertical  base  line  (for  the  side  elevation)  2 J  inches  from 
the  left-hand  border.  Describe  the  circle  previously  men- 
tioned in  such  a  position  that  the  nearest  edges  of  the  octa- 
gon will  be  i  inch  from  each  base  line;  the  figure  may  then 
be  completed  in  the  plan.  In  this  and  the  remaining  prob- 
lems to  be  drawn  on  this  plate,  the  right  views  are  to  be 

drawn  |  inch  from  the  base 
line  in  all  cases.  In  both  eleva- 
tions, the  lines  of  sight  in 
crossing  the  surface  pass  also 
through  the  points  in  that  por- 
tion of  the  surface  farthest 
from  the  observer;  and  as  the 
eye  of  the  observer  travels 
from  points  opposite  to  M 
and  N,  Fig.  15,  in  tracing  the 
front  elevation,  the  foot  of 
every  line  of  sight  would  be 
projected  on  a  single  line 
on  V  P.  The  elevation  of  the 
surface,  therefore,  is  represented  on  the  drawing  by  the 
single  straight  line  M  N,  Fig.  15.  Project  the  front  and 
the  side  elevations  in  their  proper  places,  completing  the 
problem. 
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Note. — The  single  line  that  constitutes  each  elevation  of  this  prob- 
lem represents  the  eight  lines  of  the  octagonal  surface  shown  on  the 
plan.  This  is  shown  in  Fig.  15,  which  is  a  copy  of  the  plan  and  front 
elevation  on  the  plate,  lettered  for  convenience  of  reference.  Two  of 
the  lines  in  the  plan,  A  B  and  FE^  Fig.  15,  are  shown  in  their  full 
length  by  that  portion  of  the  line  J/ iV  included  between  the  points  P 
and  Q  \  since  FE  is  directly  in  line  with  A  B  in  the  elevation,  as 
already  explained,  it  is  shown  by  the  same  line  P  Q  used  to  define  A  B. 
The  line  H  A  \%  shown  foreshortened  at  M P\  and,  as  (7  /'is  directly 
behind  H  Ay  J//' represents  ^/'also;  QN  bears  the  same  relation 
to  B  Cand  ED.  The  line  G  H\&  represented  in  the  elevation  by  the 
point  M  \  iV,  in  like  manner,  represents  DC.  Thus,  the  line  M N 
represents  a  certain  view  of  the  eight  lines  A  /A  B  C\  etc.  to  HA,  and 
also  a  view  of  the  surface  defined  by  those  lines. 

The  above  is  very  important,  and  should  be  carefully  read,  as  it 
shows  the  application  of  principles  to  Problem  5. 
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PROBLEM  6. 

48.  To  project  tlie  vieivs  of  an  octagronal   surface 

tbat  is  in  a  rig^litly  inclined  position. 

Note. — No  perspective  figure  is  shown  for  this  problem,  and  the 
projections  will  be  made  on  the  plate  from  the  following  directions. 
The  same  figure  is  used  for  this  problem  as  for  Problem  5.  These 
drawings  are  really  a  continuation  of  that  problem ;  and  since  a  full 
view  of  the  surface  is  shown  in  the  plan  of  Problem  5,  projectors  will 
be  drawn  from  that  view,  in  order  to  define  the  plan  of  this  problem. 

Construction. — Draw  the  horizontal  base  line  in  the  next 
space  on  the  drawing,  and  at  the  same  distance  from  the 
lower  edge  as  the  corresponding  base  line  was  drawn  in  the 
space  for  Problem  5;  draw  the  vertical  base  line  If  inches 
from  the  left  side  of  the  space. 

The  front  elevation  of  this  problem  will  first  be  drawn: 
Draw  a  line  inclined  to  the  horizontal  base  line  at  an  angle 
of  60°,  and  equal  in  length  to  the  line  shown  in  the  front 
elevation  of  Problem  5;  the  lower  end  of  this  line  should 
be  ^  inch  above  the  base  line,  as  previously  explained.  It 
should  be  drawn  in  such  a  position  on  the  plate  that  vertical 
projectors  from  the  ends  of  the  line  will  pass  through  the 
central  portion  of  the  horizontal  base  line.  Mark  the  posi- 
tion of  the  points  indicated  by  the  projectors,  as  at  J/,/*,  Q, 
and  N,  Fig.  15,  and  from  these  points  draw  four  vertical 
projectors  to  the  plan.  Intersect  these  with  horizontal  pro- 
jectors drawn  from  the  plan  in  Problem  5 ;  draw  the  connect- 
ing lines  between  corresponding  points  thus  projected;  this 
produces  a  figure  that  is  the  plan  of  the  octagonal  surface 
in  the  rightly  inclined  position  indicated  by  the  front 
elevation. 

Project  the  side  elevation  by  the  use  of  secondary  pro- 
jectors, as  previously  explained.  Reference  to  the  copy  of 
this  plate  will  be  of  assistance  to  the  student  during  the  pro- 
jection of  these  views.  The  completed  drawings  are  there 
shown,  and  the  method  of  projecting  between  different  views 
is  indicated  by  projectors  partially  extended  toward  the  left 
of  the  plan  of  this  problem. 

49.  Basis  of  Projection. — The  plan  and  side  elevation  of 
this  surface  are  foreshortened  views.     There  are,  however. 
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two  lines  in  each  view  shown  in  their  true  length ;  this  may 
be  proved  by  a  comparison  of  the  figures  with  the  plan  of 
Problem  5;  the  other  lines  in  each  case  are  foreshortened. 

It  does  not  necessarily  follow,  however,  that  any  of  the 
lines  in  a  rightly  inclined  view  are  shown  in  their  true  length. 
Had  the  angle  of  inclination  been  along  the  line  A  E^  Fig.  15, 
every  line  would  have  been  foreshortened;  again,  in  the 
case  of  surfaces  having  curved  or  irregular  outlines,  the  least 
angle  of  inclination  in  any  direction  would  preclude  the  pos- 
sibility of  representing,  in  a  foreshortened  view,  any  portion 
of  the  outline  in  its  true  length. 

It  will  thus  be  seen  that  the  point  is  the  only  geometrical 
element  not  subject  to  change,  or  variation,  in  any  view. 
It  may  therefore  be  relied  on  as  a  basis  of  projection.  The 
outline  of  any  surface  in  the  different  views  is  determined 
by  first  fixing  the  location  of  points  at  the  extremities  of 
the  boundary  lines  of  such  surface^  afterwards  drawing  the 
connecting  lines,  as  in  this  problem. 


PROBLEM  7. 

60.  To  project  a  full  view  of  a  surface  fVom  a  grlven 
plan  and  elevation  showing  tliat  surface  in  a  rigrbtly 
inclined  position. 

A  full  view  of  any  surface  may  be  projected  by  assuming 
a  view  to  be  taken  at  right  angles  to  a  line  in  which  the 
entire  surface  is  represented,  for  in  such  a  view  the  lines 
of  sight  are  at  right  angles  to  the  outlines  of  the  surface. 

Construction. — In  the  next  adjoining  space  to  the  right 
on  the  plate,  copy  the  plan  and  the  front  elevation  of  Prob- 
lem 6,  placing  the  projections  so  that  they  will  occupy  the 
same  relative  position  in  the  space.  To  obtain  a  full  view 
of  the  surface  in  this  problem,  a  view  must  now  be  assumed 
at  right  angles  to  the  line  in  the  elevation;  in  other  words, 
the  elevation  must  be  considered  as  a  plan  and  a  new 
front  elevation  projected  therefrom.    The  plan  copied  from 
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Problem  6  is  used  as  a  base  plan,  secondary  projectors  being 
drawn  from  thence  in  the  manner  shown  on  the  plate  and 
described  in  the  following  article.  The  projectors  in  this 
case  are  drawn  by  the  arc  method,  sometimes  more  con- 
veniently employed  than  the  angular  method  previously 
described. 

61.     Arc  Metbod  of  Drawing:  Secondary  Projectors. 

Draw  a  base  line,  for  the  projection  of  the  full  view,  from 
the  intersection  of  the  base  lines  previously  drawn  and 
parallel  to  the  line  that  represents  the  surface  of  the  octa- 
gon, SiS  A  B  (see  plate).  At  the  point  of  intersection  of 
the  base  lines  (B),  erect  a  perpendicular  to  the  oblique  base 
line  A  By  as  B  Cy  producing  it  indefinitely  toward  the  right. 
The  positions  of  all  points  in  the  plan  are  now  to  be  located 
on  this  line  in  the  same  relative  position  as  they  would  oc- 
cupy if  projected  horizontally  to  the  vertical  base  line  in 
the  drawing.  The  points  are  accordingly  projected  hori- 
zontally to  the  vertical  base  line  B  D\  thence,  by  using  the 
compasses  and  describing  arcs  from  a  center  B^  located  at 
the  intersection  of  the  base  lines,  they  are  projected  to  the 
line  B  C.  The  projectors  are  then  continued  beyond  B  C, 
but  parallel  to  A  B;  they  are  there  intersected  by  primary 
projectors  drawn  from  corresponding  points  in  the  eleva- 
tion, as  shown.  Locate  the  various  positions  of  the  corre- 
sponding points  at  the  intersections  of  these  projectors,  and 
produce  the  full  view  of  the  octagon  by  drawing  the  con- 
necting lines. 

It  will  thus  be  seen  that  the  drawing  of  secondary  pro- 
jectors by  this  method  involves  jirst,  projection  to  the 
nearest  base  line;  second,  the  describing  of  arcs  from  the 
center  shown;  and  t/iird,  the  continuation  of  the  projectors 
parallel  to  the  base  line  of  the  desired  view.  If  the  draw- 
ing has  been  carefully  made,  it  will  be  found  that  the  sur- 
face thus  defined  is  an  exact  counterpart  of  the  plan  in 
Problem  5,  and  that  the  full  view  projected  in  this  problem 
is  in  the  same  relation  to  the  elevation  as  the  plan  in  Prob- 
lem 5  is  to  the  elevation  of  that  problem. 
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62,  Vlexvis  Necessary  for  the  Projection  of  the  Full 
Vleiv. — When  it  is  desired  to  project  a  full  view  of  any 
surface  that  is  represented  in  a  drawing,  in  an  inclined  po- 
sition, it  is  necessary  to  have  one  view  that  will  show  all 
the  points  of  that  surface  as  contained  in  one  line.  A  pro- 
jection must  also  be  drawn  at  right  angles  to  that  view,  in 
order  that  such  dimensions  of  the  surface  as  are  at  right 
angles  to  those  in  the  first  view  may  be  shown  in  their  true 
length. 

53.  Full  Views  Sometimes  Obtained  Without  Pro- 
jection Methods. — A  comparison  of  the  views  in  the  pro- 
jections of  the  last  problem  will  prove  that  the  vertical 
primary  projectors  included  within  the  surface  of  the  octa- 
gon shown  in  the  plan  are  of  the  same  length  as  the  second- 
ary projectors  in  the  view  last  projected.  This  knowledge 
may  be  used  to  some  advantage  in  producing  a  full  view 
without  using  all  the  projectors  employed  in  this  problem. 

Thus,  draw  a  horizontal  center  line  through  the  plan,  as 
E  F  (see  drawing  on  the  plate  for  Problem  7),  and  draw 
primary  projectors  from  the  elevation  to  the  full  view  in 
the  regular  way;  at  a  convenient  distance,  draw  a  line  at 
right  angles  to,  and  crossing,  these  projectors,  as  G  H. 
This  line  will  be  the  center  line  for  the  full  view,  the  points 
of  which  may  then  be  located  with  the  dividers  in  the  fol- 
lowing manner:  Set  the  dividers  to  the  length  a:  ^  in  the 
plan,  and  set  off  a  corresponding  distance  at  a'  e'  in  the  full 
view;  in  like  manner  make  b*  f  equal  to  b  f^  etc.,  as  shown 
on  the  plate.  Complete  the  outline  of  the  full  view,  then, 
by  drawing  connecting  lines  as  heretofore. 

This  method  is  generally  followed  in  pattern  drafting, 
since  it  requires  less  time  than  to  draw  full  projections  as  in 
the  construction  of  the  problem,  and  there  is  less  liability 
of  error. 

64«  If  the  student  that  does  not  clearly  understand  the 
principles  by  which  these  projections  are  made  will  cut  a 
piece  of  cardboard  to  the  same  size  and  shape  as  the  plan 
of  Problem  5,  and  hold  it  in  such  positions  that  the  foot 
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of  the  lines  of  sight  falls  on  the  points  designated  on  the 
drawings  for  the  different  views,  he  will  at  once  see  the 
correct  position  of  the  surface  as  represented  in  each  view. 

65.  Surfoces  Bounded  by  Curved  liines. — Surfaces 
that  are  defined  by  curved  lines  do  not  present  any  points 
from  which  to  make  projections.  In  making  such  pro- 
jections, the  same  principles  are  employed,  however;  but  it 
is  first  necessary  to  establish  a  number  of  points  at  various 
positions  on  the  curved  lines.  The  points  thus  established 
are  then  projected  in  the  same  way  as  in  the  foregoing 
problems.  When,  for  purposes  of  projection,  points  are 
located  on  the  outline  of  a  curved  surface  in  any  view,  it 
should  be  observed  that  they  are  so  placed  that,  when  the 
points  thus  located  are  projected  to  a  line  that  represents 
an  edge  view  of  that  surface,  each  end  of  that  line  is  de- 
fined by  the  projection  of  a  point. 


PROBLEM  8. 

56,  To  project  views  of  a  plane  surfkce  deflne<l  by  a 
curved  line,  tlie  surface  bein^  In  a  rightly  inclined 
position ;  also,  to  project  a  point  located  on  that  surfiice. 

Note. — Before  making  the  projections  of  this  problem,  the  lines  to 
remain  on  the  drawing  for  Problem  5  should  be  inked  in,  and,  to  avoid 
confusion,  all  other  lines  not  to  be  inked  in  on  that  figure  should  be 
erased;  the  circle  drawn  for  Problem  5  may  then  be  redrawn  for 
this  problem. 

Construction. — The  surface  for  the  projections  of  this 
problem  is  that  of  the  circle  to  which  the  sides  of  the  octa- 
gon in  Problem  5  are  tangent.  After  describing  the  circle, 
the  next  step  is  to  locate  points  on  its  circumference.  Do 
this  by  first  drawing  a  vertical  and  a  horizontal  diameter, 
and  then  drawing,  with  the  45**  triangle,  two  other  diam- 
eters at  right  angles  to  each  other,  thus  locating  eight 
points  at  equal  distances  on  the  circumference.  Those 
points  indicated  by  the  horizontal  diameter  will,  when  pro- 
jected to  the  elevation,  define  the  ends  of  the  line  in  that 
view. 
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Also,  locate  a  point  at  the  center  of  the  circle.  The  plan 
and   elevation  of  the  surface  thus   projected  is  shown   in 

Fig.  16,  the  points  being 
denoted  by  numerals.  Pro- 
ject these  points  to  the  ele- 
vation of  Problem  5,  using 
lines  easily  erased,  since 
they  are  not  to  appear  in 
that  problem  when  the 
plate  is  finished.  In  the" 
last  space  on  the  plate, 
draw  horizontal  and  ver- 
tical base  lines  in  the  same 
corresponding  position  as 
in  the  space  for  Problem  6. 
The  line  that  represents  the 
front  elevation  of  the  circular  plane  surface  is  then  drawn  in 
the  same  position  as  in  the  elevation  in  Problem  6;  with  the 
dividers,  locate  points  thereon  in  the  same  position  as  the 
points  projected  from  the  circle  to  the  front  elevation  in 
Problem  5,  as  shown  in  Fig.  16.  Project  these  points  ver- 
tically to  the  plan,  and  intersect  these  projectors  with  hori- 
zontal projectors  drawn  from  the  circle  in  Problem  5. 

When  projecting  points  across  a  drawing — as  from  the 
space  occupied  by  Problem  5  to  the  drawing  for  this  prob- 
lem— it  is  not  necessary  to  draw  lines  the  entire  distance. 
By  carefully  placing  the  edge  of  the  T  square  on  each  point 
in  turn,  corresponding  lines  may  be  drawn  across  the  plan 
in  this  problem.  This  saves  erasing  unnecessary  lines,  but 
care  must  be  taken,  when  making  projections  in  this  way, 
to  observe  that  points  thus  located  are  at  the  intersections 
of  projectors  drawn  from  points  in  corresponding  positions 
in  each  of  the  views.  Find  the  location  of  each  point  thus 
projected,  and  through  these  points  trace  the  curve  that 
represents  the  foreshortened  view  of  the  circle,  using  the 
irregular  curve  for  this  purpose.  Thus  a  plan  and  a  front 
elevation  of  the  circular  plane  surface  is  drawn,  in  which 
the  surface  is  represented  in  a  rightly  inclined  position. 
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Project  the  side  elevation  by  the  angular  method  of  sec- 
ondary projectors,  as  previously  explained,  and  designate 
the  point  in  both  views  by  a  small  dot  at  the  center  of  the 
surface.  Finally  project  the  full  view  by  the  arc  method, 
as  in  Problem  7.  In  this  problem,  a  good  test  of  accuracy 
is  afforded,  if,  after  the  nine  points  have  been  projected  to 
the  full  view,  a  circle  with  a  radius  of  f  inch,  described 
from  the  central  point,  passes  through  the  other  eight 
points. 

57.  Importance  of  Accuracy. — Next  to  a  knowledge 
of  the  principles  of  projection,  neatness  and  accuracy  are 
the  prime  requisites  in  a  drawing.  The  student  should 
carefully  observe  that,  when  the  points  determined  by  the 
intersection  of  lines  are  used  as  centers  for  arcs  or  circles, 
the  needle  point  of  the  compasses  should  be  placed  exactly 
on  that  position;  again,  drawing  three  or  more  lines  that 
shall  intersect  at  the  same  point  is  very  commonly  required 
in  projection  drawing  and  in  pattern  drafting;  this  is  not 
an  easy  thing  to  do  accurately  unless  carefully  practiced  by 
the  student.  It  is  needless  to  state  that  unless  the  work  is 
accurately  done  it  is  of  no  value. 

When  putting  in  the  figures  for  the  dimensions  on  draw- 
ings, care  should  be  observed  that  they  are  placed  on  those 
views  in  which  the  lines  and  surfaces  are  shown  in  their 
true  length.  Do  not  designate  a  foreshortened  view  of  a 
line  or  surface  by  a  dimension  figure,  when  another  view  is 
given  in  which  the  true  length  is  shown.  Again,  do  not 
repeat  the  same  dimension  on  different  views  of  the  same 
drawing;  thus,  in  Problem  2,  Case  I,  the  length  of  the 
line  is  given  as  2  inches  in  the  plan,  and  it  is  obviously 
unnecessary  to  give  the  same  dimension  in  the  front  eleva- 
tion. 

The  student  may  ink  in  all  the  problems  on  the  plates, 
but  the  letters  used  to  describe  the  different  positions  and 
lines  are  not  placed  on  the  drawing.  The  date,  name,  and 
class  letter  and  number  are  inscribed  as  in  the  plates  of 
Geometrical  Drawing. 
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DRAWING   PliATE,  TITIiE:    PROJECTIONS    II. 

58.  The  problems  for  this  and  the  succeeding  plates 
should  be  practiced  on  other  paper  and  then  copied  on  the 
drawing  that  is  to  be  sent  in  for  correction.  The  student 
can  thus  judge  better  as  to  the  relative  position  the  figures 
should  occupy  and  the  completed  plates  will  present  a  neat 
appearance.  In  making  the  projections  on  this  and  the 
succeeding  plates,  the  views  may  be  assumed  to  be  ^  inch 
from  their  respective  base  lines,  as  this  will  enable  the  pro- 
jections to  be  kept  in  closer  proximity.  The  base  lines  are 
not  to  be  inked  in  on  this  or  the  following  plates.  Divide 
this  plate  by  a  central  horizontal  line;  the  part  of  the  draw- 
ing above  this  line  is  divided  into  three,  and  the  part 
below  the  line  into  four,  equal  spaces. 


PROBLEM  9. 

69.  To  project  a  side  elevation  and  a  full  vle^v  of  a 
rigrlitly  Inclined  plane  surface  defined  by  an  Irregrnlar 
outline. 

This  is  a  problem  in  which  the  student  has  an  opportu- 
nity to  use,  in  a  practical  way,  the 
knowledge  of  projection  thus  far 
gained.  The  surface  to  be  projected 
is  shown  in  a  rightly  inclined  position 
in  Fig.  17,  which  is  a  foreshortened 
view  of  the  surface.  This  figure  is  to 
be  copied,  in  the  size  indicated  by  the 
dimension  figures,  into  such  a  position 
in  the  upper  left-hand  space  on  the 
drawing  that  the  projections  when 
completed  will  occupy  about  the  cen- 
ter of  the  space. 

Construction. — First,  draw  the 
horizontal  line  A  B  1^  inches  long  and 
bisect  it  at  o  by  the  vertical  line  CD.  Make  oD  ^  inch 
long  and  bisect  it  at  x,   as  shown,   making  o  C  li  inches 
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long.  Set  the  compasses  at  a  radius  of  1|J  inches,  and 
with  A  and  C,  respectively,  as  centers,  describe  arcs  inter- 
secting at  e\  with  the  same  radius  and  with  B  and  C  as 
centers,  describe  arcs  similarly  intersecting  at  e\  From 
these  centers  {e  and  r')  describe  the  arcs  A  C  and  B  C, 
thus  producing  the  curved  outline  of  the  lower  portion 
of  the  plan.  Next,  divide  these  arcs,  by  spacing,  into 
six  equal  parts,  thus  locating  the  points  i,  ^,  5,  .J,  and  5\ 
from  these  points  draw  vertical  lines,  as  shown  in  Fig.  17. 
Complete  the  upper  outline  of  the  surface  as  represented  in 
the  figure;  thus,  locate  a  at  the  intersection  of  the  vertical 
from  1  with  a  horizontal  from  A\  rf,  at  the  intersection  of 
the  vertical  from  2  with  a  horizontal  from  D\  fy  in  like 
manner  at  the  intersection  of  a  vertical  from  3  with  a  hori- 
zontal from  X. 

The  points  at  the  extremities  of  these  lines  and  those 
located  on  the  curved  outline  are  now  to  be  treated  as  in 
former  problems  and  the  projections  made  in  the  usual  way. 

Caution. — When  making  the  projections  for  this  prob- 
lem, the  student  must  observe  the  precautions  given  in 
regard  to  the  taking  of  the  same  corresponding  points  in 
each  view.  Project  the  side  elevation  first ;  it  may  be  de- 
sirable for  the  student  to  ink  in  that  figure,  in  order  to 
avoid  the  confusion  arising  from  a  number  of  lines  crossing 
one  another  on  the  drawing.  Use  the  angular  method  for 
the  secondary  projectors  in  projecting  the  side  elevation 
and  the  arc  method  for  the  full  view.  Since  it  is  often 
necessary,  when  developing  patterns,  to  draw  several  views 
over  one  another  in  this  way,  the  student  should  accustom 
himself  to  drawings  that  have  a  complicated  appearance 
from  this  cause,  and  should  learn  to  follow  each  set  of  pro- 
jectors as  readily  as  though  they  were  in  separate  drawings. 
During  the  construction  of  this  projection,  it  will  be  noticed 
that  the  base  line  for  the  full  view,  in  order  to  be  drawn 
from  the  intersection  of  the  other  base  lines,  will  fall  below 
the  front  elevation  of  the  surface.  This  is  unimportant,  how- 
ever, since  its  purpose  is  the  same,  and  the  result  is  merely 
that  of  a  slight  appearance  of  crowding  on  the  drawing. 
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PKOBLEM    lO. 

60.  To  project  views  of  a  plane  surface  In  an 
obliquely  Inclined  position. 

Explanation. — A  full  view  of  the  surface  to  be  projected 
in  this  problem  is  shown  in  Fig.  18,  the  dimension  figures 
giving  the  size  in  which  it  is  to  be  drawn 
by  the  student.  The  upper  portion  of  this 
surface  is  defined  by  a  semicircle,  the  lower 
by  one-half  of  an  octagon.  The  purpose  in 
selecting  a  surface  of  this  outline  is  to  give 
the  student  some  practice  in  the  projection 
*  of  both  straight  and  curved  outline  surfaces. 

It  has  been  shown  that,  before  an  inclined 
view  of  a  surface  was  projected,  a  right  view — i.  e.,  a  right 
plan  and  elevation,  as  in  Problem  5 — has  first  been  drawn. 
These  views  alone  are  projected  in  drawings  of  simple  or 
plain  objects,  it  being  obviously  unnecessary  to  show  any 
object  in  a  working  drawing  in  a  position  not  commonly 
occupied.  But,  owing  to  the  different  shapes  of  objects, 
variously  outlined  surfaces  are  presented  in  a  diversity  of 
positions,  and  it  is  essential  that  the  student  should  be  ca- 
pable of  projecting  any  surface  into  any  conceivable  position, 
and  of  drawing  a  full  view  from  such  a  projection. 

Construction. — The  method  of  drawing  oblique  views  of 
surfaces  is  shown  in  detail  at  (a),  (*),  and  (c),  Fig.  19,  the 
projections  at  (c)  being  the  ones  required  for  the  plan  and 
elevation  of  this  problem.  Lay  a  separate  piece  of  paper 
over  the  drawing  of  Problem  9  on  the  plate,  and  reproduce 
thereon  the  projections  shown  at  (a)  and  (d),  Fig.  19,  in 
accordance  with  principles  already  explained.  Next,  draw 
the  plan  and  elevation  at  (c)  in  their  proper  places  on  the 
plate.  The  drawing  shown  at  {a)  may  be  seen  to  be  similar 
to  that  of  Problem  5  of  the  preceding  plate ;  {6)  is  projected 
directly  from  (a),  in  the  same  manner  as  Problem  6,  the 
angle  of  inclination  being  60°.  The  plan  of  this  surface  in 
{i)  is  then  copied  at  (c)  in  such  a  position  that  the  center 
line  A  B  makes  an  angle  of  60°  with  the  base  line  of  V  P. 
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This  is  accomplished  by  first  drawing  the  center  line  A' B' 
at  the  given  angle  in  (r),  noting  thereon  the  position  of  the 
points  w\  x\  and  y  \  draw  perpendiculars  through  these 
points,  and  make  w'  a!  in  (c)  equal  \,o  w  am  (^),  x'  D'  equal 


to  X  D,  etc.  The  outline  of  the  plan  at  (f),  therefore,  is 
exactly  the  same  as  it  is  shown  in  {b),  the  only  difference 
between  the  two  views  being  the  fact  that  the  line  A'  B'  in 
(c)  is  inclined  to  VP,  while  in  (b)  it  is  perpendicular  to  that 
plane. 

Let  us  consider  what  changes  have  here  been  represented. 
Cut  a  piece  of  cardboard  to  the  outline  and  size  shown  in 
Fig.  18,  and  compare  it  with  the  different  positions  in  the 
drawings  just  made.  It  will  be  seen  that  the  cardboard 
must  be  held  in  a  horizontal  position  to  coincide  with  the 
drawing  at  {a)\  to  represent  the  drawing  at  (^),  the  point  C 
must  be  raised  until  the  line  CD  is  at  the  angle  of  60° 
with  H  P.  The  plan  at  {b)  is,  therefore,  a  foreshortened 
view  of  the  surface,  although  its  elevation  may  still  be 
represented  by  the  single  line  C  D\  Now  turn  the  card- 
board to  the  position  indicated  in  (tr),  that  is,  so  that  the 
line  A'  R  makes  an  angle  of  60°  with  VP. 

It  will  be  seen  that  the  line  CD  in  its  relation  to  H  P  is 
not  affected  by  this  change,  its  angle  with  H  P  remaining  as 
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before;  therefore^  the  vertical  distances  to  be  slwwn  in  the 
elevation  of  {c)  will  be  the  same  as  in  the  elevation  of  (^), 
and  may  be  projected  directly  to  (r)  from  (^),  as  shown  in 
Fig.  19.  Draw  horizontal  projectors  from  the  elevation 
at  (p)  to  the  elevation  in  (r),  intersecting  them,  in  the  man- 
ner shown,  by  primary  projectors  drawn  vertically  upwards 
from  the  points  in  the  plan  at  (r).  Trace  the  outline  of  the 
surface  thus  indicated  through  the  intersections  of  pro- 
jectors drawn  from  corresponding  points  in  each  view.  The 
projections  shown  at  (r)  being  completed  on  the  plate,  the 
paper  on  which  {a)  and  (b)  were  drawn  may  now  be  re- 
moved and  the  side  elevation  required  for  the  problem 
projected  by  the  angular  method  previously  described. 
Three  views  are  thus  shown,  in  all  of  which  the  surface  is 
represented  as  inclined  at  an  oblique  angle  to  the  lines  of 
sight ;  all  these  views,  therefore,  are  foreshortened.  Oblique 
views  may  always  be  drawn  in  this  manner;  that  is,  a  right 
view  is  first  drawn ;  next,  a  rightly  inclined  view  is  pro- 
jected, the  desired  angle  being  represented  in  the  elevation. 
The  plan  thus  produced  is  then  redrawn  for  the  oblique 
view  and  its  elevation  projected  as  in  this  problem. 

61,     Position  of  Full  Vlev«rs :  How  Determined. — To 

project  a  full  view  of  this  surface  it  is  first  necessary  to 
determine  whether  any  of  the  lines  or  distances  in  any  of 
the  views  are  shown  in  their  true  length,  but  without  having 
recourse  to  the  projections  made  on  the  separate  paper, 
since  projection  methods  are  to  be  used.  This  may  be  done 
by  comparing  the  relative  position  of  any  two  points  in  the 
outline  of  the  surface,  as  located  in  the  plan  and  elevation. 
If  it  is  found  that  a  line  drawn  between  any  two  of  these 
points  in  the  elevation  will  be  parallel  to  the  base  line  (and 
therefore  at  right  angles  to  the  vertical  lines  of  sight),  that 
line  will  be  shown,  of  course,  in  its  true  length  on  the  plan. 
Any  other  lines  parallel  to  it  will  also  be  shown  in  their 
true  length.  It  is  found,  on  examination,  that  points  in 
the  elevation  corresponding  to  the  positions  represented  by 
A   and   B^    Fig.    18,    are   located    on    the   same   horizontal 
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projector;  therefore,  a  line  drawn  between  these  points  as 
they  are  located  on  the  plan  will  be  represented  in  its  true 
length  in  that  view;  and  a  view  projected  from  these  points 
in  the  plan  by  primary  projectors  drawn  at  right  angles  to 
this  line,  intersected  by  secondary  projectors  from  the  front 
elevation  (by  a  modification  of  the  method  used  in  Prob- 
lem 7),  will  be  a  full  view  of  the  surface. 

Draw  the  oblique  base  line  in  the  proper  position,  i.  e., 
parallel  to  that  line  shown  in  full  length  in  the  plan  {A  B  on 
the  plate),  as  above  explained,  and  at  such  distance  away 
from  the  plan  as  directed  in  the  instructions  for  drawing 
this  plate,  producing  the  line  indefinitely  toward  the  upper 
portion  of  the  drawing,  as  shown  on  the  plate  at  Eh\  In 
this  case,  the  line  thus  drawn  defines  the  inclination  of  the 
surface,  since  the  angle  is  the  same  in  botn  plan  and  eleva- 
tion, viz.,  60°.  The  full  view  is  projected  as  follows:  Draw 
the  line  G  H  2X  tight  angles  to  the  base  line  EF  and  from 
the  intersection  of  EFvi\\,\i  the  horizontal  base  line.  By 
the  arc  method,  draw  secondary  projectors  from  the  eleva- 
tion, as  shown;  intersect  these  projectors  by  primary  pro- 
"jectors  drawn  from  the  plan  at  right  angles  to  EF^  thus 
producing  the  full  view  of  the  surface.  It  will  be  found 
that  this  full  view  is  an  exact  counterpart  of  the  sur- 
face shown  in  Fig.  18,  and  should  correspond  to  the  pre- 
liminary drawing  in  the  plan  at  (a)  on  the  separate  paper. 
Note  that  the  portion  of  £/* included  between/  and  q  cor- 
responds in  length  to  that  of  the  rightly  inclined  front 
elevation  at  (^),  Fig.  19.  This  may  be  seen  by  comparing 
that  portion  of  the  line  with  the  view  on  the  preliminary 
drawing.* 

The  student  should  now  be  able  to  recognize  any  view  of 
a  surface  in  any  position;  that  is,  he  should  be  able  to  tell 
whether  a  view  represents  such  a  surface  in  a  right  posi- 
tion, a  rightly  inclined  position,  or  an  obliquely  inclined 
position;  and  by  the  application  of  the  principles  illustrated 
in   the   foregoing    problems   and   the   exercise   of    a    little 


•  It  should  be  noted  that  this  is  the  case  only  when  the  angle  of 
inclination  is  the  same  in  both  views. 
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judgment,  he  should  be  able  to  project  any  surface  into  any 
desired  position.  Or,  being  given  a  surface  in  a  position 
indicated  by  a  properly  projected  plan  and  elevation,  he 
should  be  able  to  produce  the  full  view  and  designate  the 
angle  of  inclination. 

The  following  problem  will  serve  as  a  test  of  his  progress. 
The  principles  involved  have  already  been  presented,  and 
the  method  of  application  will  be  readily  understood.  The 
angle  of  inclination  in  the  plan  is  not  the  same  as  is  shown 
in  the  elevation ;  both  angles  are  to  be  determined  by  pro- 
jection methods. 


PROBLKM   11. 

G2.  To  project  the  ftill  view  of  an  Irregrularly  out- 
lined surface  obliquely  Inclined. 

The  projections  of  this  problem  are  to  occupy  the  upper 
right-hand  space  of  the  drawing  plate. 
The  plan  and  front  elevation  are  shown 
in  Fig.  20,  and  are  reproduced  full  size 
-jy  on  the  sheet  opposite  this  page.*  The 
outline  represented  is  frequently  used 
as  a  "stay,"  or  profile,  to  which  mold- 
ings are  formed  in  cornice  work.  Since 
the  view  shown  is  known  to  be  obliquely 
inclined,  its  dimensions  are  foreshort- 
ened, and  their  true  lengths  are  to  be 
found  by  projection  methods,  as  fol- 
Fio.  80.  lows : 

Construction. — The  student  should  detach  the  sheet 
opposite  this  page  and  paste  the  plan  and  elevation  in  such 
a  position  in  the  third  space  on  the  plate  that  the  base 
line  AIJV,  Fig.  20,  will  be  2^  inches  below  the  top  border  line 
and  exactly  horizontal.  Locate  a  number  of  points  on  the 
curved  outline  in   the  elevation,   by  equally  spacing  that 

*  This  sheet  is  not  inserted  in  the  bound  volume  containing  this 
Paper. 
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portion  of  the  figure  with  the  dividers,  as  shown  at  1,  2,  3, 
and  4  in  the  drawing  for  this  problem  on  the  plate,  and 
project  these  points  to  the  plan.  To  ascertain  the  angle 
of  inclination  in  the  plan,  draw  a  horizontal  line  through 
the  widest  portion  of  the  figure  in  the  elevation,  locating, 
if  possible,  one  end  of  the  line  at  an  angle  of  the  surface — 
as  the  line  A  B.  Project  this  line  to  the  plan  at  A^  B\  as 
explained  in  Art.  61 ;  parallel  to  this  line,  erect  the  oblique 
base  line  CD. 

The  angle  formed  by  these  lines  (-^'i^'and  CD)  with  the 
horizontal  base  line  is  the  angle  of  inclination  of  the  surface 
to  V  P,  or  that  angle  shown  in  the  plan.  The  angle  of  incli- 
nation to  H  P,  or  that  shown  in  the  elevation,  is  most  easily 
found  by  constructing  a  right-angled  triangle  whose  base 
and  altitude  are  equal  to  certain  distances  found  in  the  plan 
and  elevation;  that  is,  the  base  is  equal  to  the  extreme 
width  of  the  figure  in  the  plan,  taken  at  right  angles  to  the 
line  of  inclination  in  that  view  (shown  by  the  dimension  iV). 
The  altitude  is  the  vertical  height  shown  in  the  elevation 
2XM.  Construct  this  right-angled  triangle  on  the  horizontal 
base  line  extended,  as  shown  at  N'  M\  and  locate  one  end 
of  the  base  at  Z>,  the  intersection  of  the  base  lines.  Extend 
the  hypotenuse  indefinitely  toward  the  right  of  the  drawing. 
Next,  intersect  primary  projectors  drawn  from  the  plan  to 
the  oblique  view  by  secondary  projectors  drawn  from  the 
elevation  by  the  arc  method,  as  shown  on  the  plate. 
The  full  view  of  the  surface  is  then  traced  through  the 
intersections  of  these  projectors,  completing  the  problem. 

63,  Projection  of  Solids. — We  now  come  to  the  pro- 
jection of  solids,  which,  as  before  noted,  are  merely  various 
combinations  of  surfaces.  Projections  of  surfaces  in  a 
variety  of  positions  having  already  been  made,  we  shall 
encounter  no  new  principles  in  the  projection  of  solids,  the 
surfaces  of  which  are  projected  in  the  same  manner  as  has 
been  shown  in  preceding  problems. 

Since  lines  intersect  in  a  point,  so  surfaces  intersect  in  a 
line,  and  in  drawing  projections  of  solids  it  is  necessary  only 
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to  find  the,trile  projections  in  any  view,  or  set  of  views,  of 
those  lines  that  represent  the  correct  intersections  of  the 
adjacent  surfaces;  this  is  a  comparatively  easy  thing  for 
the  student  to  do,  if  he  will  use  proper  care  and  diligence 
in  the  application  of  the  principles  of  the  preceding 
problems.     • 

64,  Projection  of  the  Cube  Illustrated. — Every  solid 
consists  of  a  number  of  surfaces,  each  of  which  is  differ- 
ently shown  when  the  solid  is  projected  to  the  various 
views.  This  is  due  to  the  fact  that  the  observer  is  assumed 
to  occupy  a  different  position  in  each  view  of  the  solid  thus 


•%Ar-*^»; 


Fig.  21. 

projected.  In  certain  positions  some  solids  show  one  or 
more  of  their  surfaces  directly  behind  another  surface  of  the 
same  size  and  shape.  This  would  be  the  case  if  the  projec- 
tions of  the  cube,  referred  to  in  Art.  18,  were  drawn  as 
shown  in  Fig.  21.  When  the  cube  is  in  a  right  position — 
that  is,  with  two  surfaces  horizontal,  and  that  surface 
nearest  the  observer  in  a  side  view  in  such  position  that  the 
lines  defining  that  surface  will  be  at  right  angles  to  the  lines 
of  sight,  as  indicated  in  Fig.  21 — it  is  evident  that  the  sur- 
face parallel  to  and  behind  the  front  surface  will  be  pro- 
jected by  the  same  lines  of  sight  as  the  front  surface. 
Therefore,  in  such  a  case,  a  projection  of  the  front  surface 
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of  the  cube  is  equivalent  to  a  projection  of  the  entire  cube. 
Each  projection  of  the  cube  in  the  plan,  front,  and  side 
elevations  is  a  square,  the  sides  of  which  are  1  inch  long, 
while  the  views  are  arranged,  as  shown  in  Fig.  22,  in  such 
a  way  as  to  appear  related  to  one  another. 

65.  In  **  reading"  the  projections  shown  in  Fig.  22, 
we  merely  compare  the  surfaces  of  the  cube  as  they 
are  shown  in  the  differ- 
ent projections.  Thus, 
the  surface  A  B  C  D^ 
Fig.  21,  is  represented 
in  the  plan  of  Fig.  22  by 
the  line  A  B^  and  in  the 
front  elevation  by  the 
line  B  C,  while  a  full 
view  of  that  surface  is 
shown  in  the  side  eleva- 
tion ;  so,  in  like  manner, 
the  position  of  each  sur- 
face of  the  cube  may  be 
determined.  Note  that, 
in  each  full  view,  two 
surfaces  are  represented;  thus,  in  the  front  elevation  of 
Fig.  21,  the  surfaces  BFGC  and  AEHD  are  projected 
on  V  P  as  one  surface  2X  PQRS,  It  is  thus  shown  that 
surfaces  in  their  relation  to  one  another,  when  combined 
in  one  view,  as  in  the  projection  of  a  solid,  partake  of  the 
same  principle  that  has  been  shown  in  its  application  to 
points  and  lines,  viz.,  surfaces  whose  outlines  are  contained 
in  the  same  lines  of  sight  in  any  view  are  projected  in  that 
view  as  one  surface. 

Note  that  in  Fig.  22  the  secondary  projectors  are 
described  from  £*  as  a  center,  the  lines  of  the  cube  being 
used  as  base  lines,  as  mentioned  in  Art.  39«  When  this 
short  method  is  adopted  in  the  case  of  secondary  project- 
ors, the  center  from  which  they  are  described  must  be 
located    at   that    intersection   of   the    primary   projectors 
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nearest  the  two  views  between  which  secondary  project- 
ors are  drawn.  A  further  illustration  of  this  will  be  given 
in  connection  with  a  later  drawing. 

66,  Hidden  Surfaces:  IIoiv  Indicated.  —  When  the 
form  of  a  solid  is  such  that,  in  any  view,  a  smaller  surface  is 
hidden  by  a  larger,  the  smaller  surface  is  not  shown  in  that 
view,  although  frequently  its  outline  may  be  defined  by 
dotted  lines  on  the  drawing.  This  applies  also  to  projections 
in  which  two  or  more  solids  are  shown  in  positions  such  that 
some  of  their  surfaces  are  completely  or  partially  hidden  by 
other  surfaces  nearer  the  eye  of  the  observer.  Only  such 
surfaces  as  receive  the  lines  of  sight  directly  from  the  eye  of 
the  observer  are  shown  in  a  view  by  full  lines,  although,  as 
mentioned  above,  the  outline  of  such  other  surfaces  as  it 
may  be  desirable  to  show  in  a  drawing  may  be  indicated  by 
dotted  lines. 

67,  Facility  In  Reading  I>raMringrs  Acquired  Only 
by  Practice. — The  reading  of  working  drawings  is,  there 
fore,  a  comparatively  easy  matter,  if  the  student  will  resolve 
each  portion  of  the  object  represented  into  its  respective 
surfaces,  and  look  for  the  various  outlines  as  they  are  shown 
in  the  different  projections.  If  this  is  found  a  difficult  task, 
the  surfaces  may  be  further  resolved  into  lines  and  points, 
whose  respective  positions  may  then  be  located  in  each  view 
shown.  It  is  not  to  be  expected  that  the  position  of  every 
surface  in  a  complicated  drawing  will  be  seen  by  the  beginner 
at  a  single  glance — an  expert  seldom  acquires  such  profi- 
ciency— but,  as  **  practice  makes  perfect/'  the  student  may 
easily  accustom  himself,  by  careful  study  of  the  various 
positions  of  the  surfaces  composing  the  solids  that  are  pro- 
jected in  the  following  problems,  to  the  more  or  less  com- 
plicated projections  found  in  the  various  mechanical  and 
architectural  journals,  in  shop  drawings,  or  in  such  other 
projection  drawings  as  are  within  his  reach. 

68,  The  Center  lilne. — It  has  been  found  convenient, 
when  making  projections  of  objects,  to  make  use  of  a  line 
that  is  imagined  to  pass  through  the  central  portion  of  the 
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solid,  as  it  is  shown  in  any  plan  and  elevation.  Such  a  line 
is  called  a  center  line^  and  in  many  projections  it  is  inked  in 
when  the  drawing  is  finished,  since  it  frequently  affords  a 
convenient  means  of  indicating  certain  positions  of  the 
figure,  besides  assisting  in  the  location  of  the  several  surfaces 
of  the  solid  in  the  different  views.  This  line,  however,  is 
central  only  in  its  relation  to  the  object  of  which  the  drawing 
is  a  representation,  and  not  in  relation  to  the  planes  of  pro- 
jection. This  may  be  better  understood  by  considering  the 
center  line  as  the  projection  of  an  imaginary  surface  (or 
plane)  that  passes  through  the  central  portion  of  the  figure. 
It  is  generally  represented  in  those  views  only  in  which  that 
imaginary  surface  can  be  shown  in  one  line,  or,  as  we  have 
said  before,  as  if  **on  edge."  Thus,  in  the  right  view  pro- 
jected in  Fig.  22,  the  lines  wx  and  y  z  are  center  lines,  rep- 
resented on  the  drawing  by  the  broken-and-double-dotted 
lines  shown  in  Fig.  22.  The  practical  use  of  the  center  line 
will  be  illustrated  in  the  succeeding  problems  by  the  pro- 
jection of  solids  into  various  positions. 


PROBLEM   12. 

69.     To  dravir  tlie  projection  of  a  given  solid,  several 
positions  being  indicated. 

The  solid  for  the  projections  of  this  problem  is  shown  in 
perspective  in  Fig.  23.    It  is,  as  the  figure       ^^^^  --   . 
shows,  a  pentagonal  prism;  that  is,  a  solid      K^      |  IX 

whose  ends  are  pentagons  and  parallel  to 
each  other,  and  whose  sides  are  parallelo- 
grams. The  dimensions  are  given  in 
Fig.  23;  three  projections  are  to  be  drawn, 
each  showing  the  solid  in  a  different  posi- 
tion; each  projection  will  be  complete  in 
a  set  of  views  consisting  of  a  plan  and  front 
and  side  elevations.  Each  set  of  projec- 
tions is  to  occupy  one  of  the  remaining  fio  28. 
spaces  on  the  plate,  the  prism  being  shown  in  the  positions 
indicated  by  the  following  cases: 
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Case  I. — In  an  upright  position^  the  side  nearest  the  observer 
being  parallel  to  V  P. 

The  projections  showing  this  position  of  the  prism  may  be 
readily  drawn  by  the  student  from  the  explanations  and 
instructions  already  given.  The  plan,  which  is  a  pentagon 
with  J-inch  sides,  should  be  drawn  first,  according  to  instruc- 
tions given  in  Geometrical  Drawing,  Draw  the  center  lines 
as  in  Fig.  22  and  ink  them  in,  completing  the  drawing  as 
shown  on  the  plate.  All  lines  that  represent  the  intersection 
of  surfaces — ^i.  e.,  the  edges  of  the  prism — and  that  intercept 
the  lines  of  sight  directly  from  the  eye  of  the  observer  are 
to  be  represented  by  full  lines  on  the  drawing.  All  hidden 
edges  are  to  be  shown  by  dotted  lines. 

Case  II. — In  a  horizontal  position^  the  upper  side  being 
parallel  to  HP,  and  the  ends  of  the  prism  parallel  to  VP  in 
the  side  elevation. 

In  this  case,  which  differs  from  Case  I  only  in  the  position 
of  the  prism,  the  side  elevation  should  be  drawn  first.  It 
may  here  be  mentioned  that,  in  drawing  different  views  of 
objects  in  right  positions,  the  question  as  to  which  view  is 
drawn  first  is  merely  a  matter  of  convenience,  depending 
on  the  form  of  the  object  represented.  Thus,  in  Case  I, 
the  plan  is  drawn  first;  in  this  instance  it  is,  however,  more 
convenient  to  draw  the  side  elevation  first.  In  this  drawing 
it  is  only  in  the  plan  and  the  side  elevation  that  the  center 
line  can  be  shown,  since  an  edge  view  of  the  plane  repre- 
sented would  not  be  given  in  the  front  elevation. 

Case  III. — In  a  rightly  inclined  position^  the  angle  of  in- 
clination of  the  center  line  (and  consequently  of  the  prism) 
toH?  being  IB"". 

Explanation. — The  sides  of  the  prism  are  in  the  same 
relative  position  to  V  P  in  the  front  elevation  as  in  Case  I. 
(See  the  plate.)  The  projection  of  solids  to  inclined  posi- 
tions is  accomplished  in  the  same  manner  as  the  projection 
of  surfaces  to  similar  positions  in  preceding  problems. 
Practical  use  may  be  made  of  the  center  line  in  this  drawing; 
this  line  may  be  shown  in  the  front  elevation,  but  cannot 
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.be  continued  to  the  plan  from  that  view,  since  it  is  clear 
that  its  true  position  may  not  be  shown  there  in  one  line. 

Construction. — First  draw  the  line  w  x  in  that  part  of 
the  space  devoted  to  the  front  elevation,  and  at  an  angle 
of  75®  to  the  base  line.  The  line  w  x'ls  the  center  line  of  the 
front  elevation.  Next,  copy  the  front  elevation  of  Case  I  in 
the  same  relative  position  on  this  line,  thus  producing  the 
rightly  inclined  front  elevation.  Draw  primary  projectors 
vertically  downwards  from  all  points  of  this  front  elevation, 
and  intersect  them  with  horizontal  primary  projectors  drawn 
from  the  plan  of  Case  I,  in  the  same  manner  as  the  plan  of 
Problem  6  on  the  preceding  plate  was  produced.  Next, 
draw  the  outline  of  the  plan  by  connecting  the  intersections 
of  projectors  that  have  been  drawn  from  corresponding 
points  in  each  of  the  two  views.  Project  the  side  elevation 
by  means  of  secondary  projectors  described  from  the  inter- 
section of  the  upper  and  right-hand  primary  projectors,  that 
is,  at  O  on  the  plate  (see  Art.  66).  When  drawing  secondary 
projectors  for  solids  whose  surfaces  do  not  extend  to  the 
outer  primary  projectors  in  the  adjacent  views,  note  that  the 
primary  projector  must  be  produced  as  at  O  ^  and  O  z. 

Case  rv. — In  an  obliquely  inclined  position^  with  the  center 
line  at  an  angle  ofJ^S''  to  MP  and  W  to  H  P,  the  upper  side 
being  in  such  a  position  that  a  full  view  will  be  shown  of  its 
upper  and  lower  edges. 

Explanation. — As  in  Problem  10,  where  a  surface  was 
projected  to  an  obliquely  inclined  position,  so  in  this  prob- 
lem some  preliminary  work  must  be  done  on  another  piece 
of  paper.  These  preliminary  projections  are  shown  in 
Fig.  24,  of  which  {a)  is  the  right  plan  and  elevation  and  (b) 
is  the  rightly  inclined  drawing. 

Construction. — On  a  separate  piece  of  paper,  construct 
the  projections  shown  at  («),  Fig.  24;  copy  the  elevation 
produced  at  (a)  in  such  a  position  at  (b)  that  the  angle  of 
the  center  line  w  x  is  15°  to  H  P,  as  required  by  the  con- 
ditions of  the  problem.  Next,  project  the  plan  in  (b)  from 
the  plan  of  (tf),  in  connection  with  the  elevation  of  (b),  as 
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indicated  by  the  primary  projectors  drawn  from  these  views. 
Redraw  the  plan  of  {6)  at  (r),  and  give  its  center  line  jy  z^ 
the  required  angle  of  45°  to  V  P.  Next,  produce  the  eleva- 
tion in  (r)  by  drawing  primary  projectors  from  the  elevation 
in  {h)  and  intersecting  them  by  primary  projectors  drawn 
from  corresponding  points  in  the  plan  in  (^).  These  opera- 
tions are  precisely  similar  to  those  used  in  producing  the 
obliquely  inclined  views  of  the  surface  in  Problem  10;  and 
if  the  extra  piece  of  paper  is  laid  over  the  drawing  in  such  a 
manner  as  to  leave  the  lower  right-hand  space  exposed,  the 
drawings  shown  in  Fig.  24  at  (c)  may  be  projected  directly 


Fig.  84. 


to  their  proper  position,  thus  producing  the  plan  and  front 

elevation  required.     The  side  elevation  is  then  projected  by 

means  of  secondary  projectors  described  from  the  center  O, 

as  shown  on  the  plate.     It  is  thus  shown  that  oblique  views 

of  solids  are  projected  by  the  same  methods  as  those  used  in 

the  case  of  surfaces. 

Note. — The  appearance  of  this  plate  will  be  improved  if  the  base 
line  of  the  front  elevation  of  this  case  is  placed  f  inch  higher  than  in 
the  preceding  cases. 

70,  The  Axial  Liine. — In  views  such  as  are  projected  in 
this  drawing — i.  e.,  obliquely  inclined  views — the  center  line, 
as  the  representation  of  the  central  plane  of  the  figure,  can  be 
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shown  only  in  the  plan ;  that  is,  in  the  position  of  the  solid 
shown  in  this  case.  The  position  of  the  solid  might  be  such 
that  the  center  line  would  be  shown  in  one  of  the  elevations, 
or  possibly  not  in  any  right  view.  However,  it  is  sometimes 
represented  in  drawings  merely  as  a  central  line,  and  not 
as  the  representation  of  a  central  plane;  it  may,  in  such 
cases,  be  projected  to  the  other  views  by  means  of  points 
located  at  convenient  distances  on  the  line.  It  is  then  called 
an  axial  line,  or  line  of  axis,  and  represents  the  position  of 
the  axis  of  the  solid.  It  is  not  projected  in  the  cases  of  the 
preceding  problem,  since  the  figure  is  not  of  such  a  form  as 
to  demand  the  location  of  an  axial  line.  The  axial  line  is 
similar  in  its  use  to  the  center  line  and  is  represented  on 
drawings  by  the  same  kind  of  a  broken-and-dotted  line. 

In  order  to  avoid  confusion,  the  center  and  axial  lines  are 
usually  indicated  by  small  lettering  placed  conveniently 
near  one  end  of  the  lines;  thus,  *' center  line"  or  **  axial  line." 


BRAVING  PliATE,  TITIiE:    PROJECTION  III. 

71,  Three  problems  are  to  be  drawn  on  this  plate,  each 
of  which  will  require  two  sets  of  projections.  Like  the  pro- 
jections of  Problem  12,  they  consist  of  a  plan  and  front  and 
side  elevations.  Each  set  of  projections  occupies  one  space 
on  the  drawing,  and  the  plate  is  divided  into  six  equal  spaces 
by  a  single  horizontal  and  two  vertical  lines.  The  different 
cases  of  each  problem  are  drawn  in  the  same  vertical  divi- 
sion ;  thus,  Case  I  of  Problem  13  occupies  the  upper  left-hand 
space  and  Case  II  of  the  same  problem  is  directly  under  it. 
Cases  I  and  II  of  the  other  two  problems  on  the  plate  are  to 
be  placed  in  the  same  way  in  the  remaining  spaces. 


PROBLEM   13. 

72,     To  draTvtlie  projections  of  a  cylinder. 

The  method  of  projection  used  in  the  case  of  surfaces 
having   curved   outlines  has   been   shown   in   a   preceding 
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problem.  Two  such  surfaces  are  presented  in  the  ends  of 
the  cylinder  shown  in  perspective  in  Fig.  25;  and  the  fig- 
ure also  gives  the  dimensions  of  the 
solid  as  it  is  to  be  drawn  on  the  plate. 
Since,  with  the  exception  of  those  at 
the  intersection  of  the  ends,  there  are 
no  edges  formed  by  the  curved  sides  of 
the  cylinder,  there  will  be  no  full  lines 
on  the  drawing  except  those  required 
to  show  the  ends  in  their  different 
positions  and  the  outline  of  the  sides. 
A  front  elevation  of  the  cylinder  in  the 
right  position  indicated  by  Fig.  25  is 
therefore  a  parallelogram,  the  length 
of  whose  horizontal  sides  is  equal  to  the  diameter  of  the 
circular  surfaces  at  the  ends  of  the  cylinder — the  vertical 
sides  equal  in  length  to  the  height  of  the  cylinder.  Its  entire 
dimensions  and  its  form  are  indicated  in  a  plan  and  front 
elevation,  and  there  is  no  need  of  making  any  further  draw- 
ings to  enable  the  mechanic  to  understand  the  shape  of  the 
solid  thus  represented. 

Case  I. —  W/ien  the  cylinder  is  rightly  inclined. 

Explanation. — In  this  drawing  the  cylinder  is  inclined  at 
an  angle  of  60°  to  H  P.  Rightly  inclined  views  of  solids  are 
often  drawn  by  a  method  somewhat  shorter  than  that  shown 
in  preceding  problems.  By  this  method,  temporary  views 
are  drawn  in  convenient  positions  on  the  paper  and  rightly 
inclined  views  are  projected,  as  shown  in  this  case.  Less 
space  is  required  for  the  drawing  and  a  saving  of  time  is 
effected;  the  principles  involved,  as  will  be  seen  from  the 
following  construction,  are  identical  with  those  of  the  pre- 
ceding problem. 

Construction. — First  draw  the  center' line  in  the  eleva- 
tion at  the  given  angle — as  A  B  in  the  drawing  on  the  plate. 
Describe  the  circle  shown  at  (w),  which  represents  a  full 
view  of  the  end  of  the  cylinder;  next,  draw  the  front  eleva- 
tion CD  E  F  on  the  center  line  A  B  according  to  the  given 
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dimensions.  Describe  a  circle  similar  to  (m)  at  (n) ;  this  is  a 
temporary  view  of  the  end  of  the  cylinder  and  corresponds 
to  the  plan  of  the  prism  at  {a),  Fig.  24.  Locate  a  conve- 
nient number  of  points  at  equal  distances  on  the  outline  of 
each  full  view  thus  drawn  at  (m)  and  («).  Project  the  points 
of  {m)  to  the  elevation  CDEF,  and  thence  draw  primary 
projectors  vertically  downwards;  intersect  these  primary 
projectors  by  other  primary  projectors  drawn  horizontally 
from  similar  points  located  on  the  outline  of  the  full  view 
at  (»).  Trace  the  outline  of  the  plan  thus  produced  through 
points  of  intersection  corresponding  to  those  on  the  full 
views.  The  temporary  full  views  (m)  and  (n)  may  then  be 
erased  from  the  plate.  Project  the  side  elevation  by  means 
of  secondary  projectors  described  by  the  arc  method,  thus 
completing  the  drawing. 

Case  n. — When  the  cylinder  is  obliquely  inclined. 

Explanation. — The  method  of  projecting  the  drawings 
required  for  this  case  is  similar  to  that  already  given  for 
oblique  views  of  surfaces  and  solids,  and  has  been  fully  ex- 
plained in  Art.  60,  and  also  in  connection  with  Case  IV  of 
Problem  12.  A  right  view  is  first  drawn  [as  the  elevation 
and  full  view  {m)  of  the  preceding  case] ;  next,  a  rightly 
inclined  view.  The  rightly  inclined  plan  thus  drawn  is 
then  recopied  at  the  given  angle,  thus  producing  the  plan  of 
the  oblique  view;  from  this  plan,  in  connection  with  the 
rightly  inclined  elevation,  the  obliquely  inclined  elevation 
is  projected.  The  rightly  inclined  plan  and  elevation  hav- 
ing been  drawn  in  Case  I  of  this  problem,  the  plan  there 
shown  may  be  redrawn  for  the  plan  of  this  case. 

Construction. — On  a  separate  piece  of  paper,  reproduce 
the  plan  and  front  elevation  of  Case  I,  and  fasten  this  paper 
by  thumbtacks  to  the  drawing  board,  toward  the  left  of  the 
space  used  for  this  case.  Next,  redraw  the  plan  of  Case  I 
in  its  proper  place  on  the  plate  for  this  case,  and  in  such  a 
position  that  the  line  G  H  oi  Case  I  forms  an  angle  of  60° 
with  the  base  line  of  the  front  elevation,  as  shown  at  G'  H* 
on  the  plate.     Then  produce  the  front  elevation  by  drawing 
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primary  projectors  upwards  from  the  plan  and  intersecting 
them  by  similar  projectors  drawn  horizontally  from  the 
rightly  inclined  elevation  on  the  attached  sheet,  which  may 
then  be  removed.  Trace  curves  through  the  points  thus 
projected  and  draw  the  tangential  lines,  as  previously 
described  and  as  shown  at  C  D'  F'  E'  on  the  plate.  Project 
the  side  elevation  as  in  preceding  problems,  taking  special 
care  to  project  from  similar  points  in  each  view. 


PROBLEM  14. 

73.  To  draw  the  projections  of  a  liexagronal  pyra- 
mid. 

K  pyramid  \s  a  solid  whose  base  is  a  polygon  and  whose 

sides  are  triangles  uniting  at  a  common  point  called  the 

__.-^. —  vertex.     The  pyramid  for  the  projec- 

Mk  tions    of    this    problem    is    shown    in 

/|i\  Fig.  36,  where  its  dimensions  are  clearly 

^'fijM  indicated.      Since  these  drawings  are 

i        ml  B*  m         ^^^Y  easy  and  are  constructed  in  a  man- 

T       M*    Bi  Ml       ner  similar  to  those  of  preceding  prob- 

Mj    C  \  V  A      lems,  definite  instructions  are  omitted, 

M^'"^^'  \    \    and  the  student  is  expected  to  be  able 

U^        ^B       \    p  to  complete  the  drawings  by  the  aid  of 

!  ^N^^^ft      |j/|  the  brief  explanations  that  follow. 

r  "^^f^ Case  I. —  IV/ien  the  pyramid  is  in  a 

Fio.  86.  right  position. 

Explanation. — The  plan  of  this  projection  is  most  con- 
veniently drawn  first,  a  circle  1}  inches  in  diameter  being 
described  from  (7  as  a  center,  as  shown  on  the  plate.  The 
edges  of  the  pyramid  are  then  drawn :  a  horizontal  diameter, 
and  two  diameters  at  angles  of  60°  with  the  first,  repre- 
sent the  upright  edges;  chords  of  the  arcs  thus  designated 
are  then  drawn,  and  the  plan  of  the  pyramid  is  complete. 
Next  draw  the  center  lines  A  B  and  C D\  set  off  the  height 
of  the  pyramid  on  the  line  A  B  and  complete  the  front  ele- 
vation by  the  aid  of  primary  projectors,  as  shown  on  the 
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plate,    the  side   elevation   being   projected    as    in    former 
problems. 

Case  II. —  W/ien  the  pyramid  is  in  an  obliquely  inclined 
position. 

Explanation. — The  angles  of  inclination  in  the  projec- 
tions of  this  case  are  60°  to  H  P  and  45°  to  V  P.  Preliminary 
drawings  are  required  on  separate  paper,  as  shown  in  Fig.  27, 


PlO.  87. 

first,  as  at  {a)^  showing  a  right  view  of  the  pyramid ;  and 
second,  as  at  (^),  showing  a  rightly  inclined  view,  the  angle 
of  inclination  (of  the  center  line)  being  60°  to  H  P.  The 
plan  produced  at  (fi)  is  then  copied  on  the  plate  in  such  a 
position  that  its  axial  line  will  make  the  required  angle, 
viz.,  45°  to  V  P,  as  shown  by  the  line  w x  2X  (r),  Fig.  27. 
The  front  elevation  is  then  projected  as  in  Case  II  of  the 
preceding  problem,  that  is,  by  vertical  primary  projectors 
drawn  from  the  plan  in  {c),  intersected  by  horizontal  pri- 
mary projectors  drawn  from  the  elevation  in  (Jb),  The  pro- 
jection of  the  side  elevation  by  the  arc  method  of  secondary 
projectors  is  also  similar  to  the  preceding  projections,  as 
will  be  seen  from  an  inspection  of  the  plate. 
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PROBLEM   16. 

74.    To  dra^T  the  projections  of  a  cone. 

The  cone  is  a  solid  that  may  be  produced  by  the  revolution 
of  a  right-angled  triangle  around  one  of  its  sides  as  an  axis. 
Its  base,  therefore,  is  a  circle,  and  its  curved  surface  tapers 
uniformly  toward  a  point  at  the  top  called  the  vertex,  or 
apex.  Like  the  cylinder,  its  entire  form  and  dimensions 
are  presented  in  a  plan  and  a  single  elevation  showing  a  right 
view  of  the  cone.  The  cone  for  the  projections  of  this  prob- 
lem is  shown  in  perspective  in  Fig.  28,  which  gives  the 
dimensions  that  the  cone  is  to  present  on  the  plate.  The 
methods  used  are  precisely  similar  to  those  used  in  the  case 
of  the  hexagonal  pyramid  in  the  preceding  problem. 

Case  I. — In  a  rightly  inclined  position. 

Explanation.— In  order  to  produce  the  rightly  inclined 
front  elevation,  a  construction  similar  to  that  used  in  Case  I 
of  Problem  13  is  here  used.  The  drawing  differs  from  that 
projection  only  in  the  form  of  the  solid.  The  angle  of 
inclination  in  this  case  is  50°  to  H  P. 

Construction. — Draw  the  center  line  A  B  (see  the  plate) 
at  the  given  angle,  that  is,  50°  to  the  horizontal.  Next, 
"  -J.  construct   the   triangle   representing 

/  ^  the  elevation  of  the  cone  and  describe 

ti     m  the  circle  at  (w) — a  temporary  full 

/      ^Kt  s\t,vi  of  the  base.     Describe  a  similar 

circle  at  («),  also  a  full  view  of  the 
\^        base,  and  locate  a  convenient  number 
#  '^^^N      ^^  points  on  the  outline  of  each  full 

^- ''^Bfe\    view — in  this  case  eight — as  shown  at 

\  Kx:     \  ^»  ^»  ^>  ^tc.  on  the  plate.     Project  the 

i^'''''"^ i^S^     I  rightly  inclined  plan  in  a  manner  pre- 

"^ "^i- ^  cisely  similar  to  that  used  in  the  view 

FIG.  28.  of  the  cylinder  in  Case  I  of  Problem  13. 

Erase  the  temporary  views  (/;/)  and  («),  and  project  the 
side  elevation  as  in  preceding  projections. 

Case  II. — In  an  obliquely  inclined  position. 
Explanation. — The  angle  of  inclination  to  H  P  is  the  same 
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as  in  the  drawing  last  made,  and  the  plan  of  that  projection 
may  be  recopied  for  the  plan  of  this  case,  but  it  is  to  be 
drawn  on  the  plate  in  such  a  position  that  the  center  line  w  x 
will  make  an  angle  of  45®  to  V  P.  The  plan  and  front  eleva- 
tion of  the  preceding  case  must  be  redrawn  on  separate 
paper  and  temporarily  fastened  over  the  drawing  toward 
the  left  of  the  space  required  for  this  case,  in  order  that  the 
projection  of  the  front  elevation  may  be  drawn.  As  this 
process  is  similar  to  that  used  in  preceding .  constructions, 
no  further  explanation  will  be  given.  Complete  the  projec- 
tions in  the  plan,  front,  and  side  elevations  as  shown  on  the 
plate. 

Note. — When  inclined  views  are  drawn  of  solids  having  curved 
surfaces  (as  the  cylinder  and  the  cone),  the  circular  ends  should  first 
be  projected.  The  outline  of  the  curved  surface  is  then  represented 
as  tangent  to  the  base,  or  bases,  of  the  solid,  and  without  regard  to 
the  intersection  of  such  outline  with  any  given  point  on  the  base 
outline. 

75.  Self-Rellance. — The  student  that  has  intelligently 
completed  the  projections  of  the  foregoing  problems  and 
has  made  frequent  use  of  the  imaginative  feature  of  this 
subject,  as  previously  explained  and  directed,  should  now 
possess  a  very  complete  knowledge  of  the  methods  of  pro- 
jection used  in  representing  plain  solids  in  various  positions. 
The  projection  of  irregularly  ovitlined  figures  has  not  been 
presented,  since  the  methods  are  identical  with  those 
already  shown.  The  student  should  acquire  a  degree  of 
self-reliance  in  this  work;  for,  if  he  is  to  depend  on  having 
the  projection  of  every  conceivable  form  described  for  him, 
the  principles  governing  those  projections  will  become  a 
secondary  matter,  whereas  the  pattern  draftsman  requires, 
above  all  else,  the  faculty  of  recognizing  the  principles  by 
which  to  define  and  project  the  various  forms  occurring  in 
the  course  of  his  work. 

NoTB. — The  student  should  understand  that  the  percentage  of 
marking  adopted  for  these  plates  is  based  on  the  degree  of  ac- 
curacy in  which  the  projections  are  drawn  to  the  angles  of  inclina- 
tion, as  well  as  on  the  quality  of  neatness  attained  in  the  finish  of  the 
drawings. 
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DRAWIXC;  PIRATE,  TITIiE :    SECTIONS  I. 

76.  Use  of  Section  Drawings. — A- section  drawing,  as 
previously  explained,  is  a  projection  of  a  portion  of  a  solid, 
in  a  view  where  the  solid  is  intersected  by  a  plane.  This 
plane — sometimes  called  a  cutting  plane — may  pass  through 
the  solid  in  any  direction;  that  portion  of  the  solid  between 
the  plane  and  the  observer  is  assumed  to  have  been  re- 
moved. Section  drawings  are  useful  in  many  ways,  for  by 
such  means  the  construction  of  interior  parts  of  objects 
may  be  shown.  It  is  desirable,  in  many  cases,  to  show 
some  particular  form  that  a  solid  of  peculiar  shape  pos- 
sesses at  a  place  where  it  cannot  be  presented  in  an 
exterior  view,  and  in  such  cases,  sections  are  projected. 
The  section  is  considered  simply  as  a  surface  that  would 
appear  on  the  cutting  plane  in  any  view  of  the  object  pro- 
jected. The  outline  of  this  surface,  therefore,  will  depend 
on  the  form  of  the  object,  the  number  of  surfaces  inter- 
sected by  the  plane,  and  the  angle  of  inclination  of  the  cut- 
ting plane. 

To  project  the  views  of  a  solid  in  which  a  new  surface  is 
thus  presented,  it  is  necessary  to  consider  the  various  sur- 
faces that  originally  composed  the  solid.  The  first  view 
drawn  is  always  that  in  which  the  cutting  plane  is  repre- 
sented as  on  edge.  The  intersections  of  the  original  sur- 
faces of  the  solid  with  the  cutting  plane  are  thus  shown; 
and,  by  using  methods  of  projection  already  presented,  any 
view  of  the  section  may  then  be  drawn.  Those  portions  of 
the  solid  assumed  to  have  been  removed  are  not  shown  in  a 
section  drawing,  although  their  position  is  sometimes  indi- 
cated by  dotted  lines. 

77,  Sections  of  the  Sphere. — The  solid  that  presents 
the  most  simple  illustrations  of  sections  is  the  sphere^  or 
globe.  This  solid,  also  called  a  ball,  is  such  as  would  be  gen- 
erated by  the  revolution  of  a  circle  around  its  diameter  as 
an  axis. 

The  cylinder,  cone,  and  sphere  are  sometimes  called  the 
'*  three  round  bodies,"  or  the  solids  of  revolution.     It  will  be. 
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shown  later  that  their  imaginary  formation  by  such  revolu- 
tion may  be  taken  advantage  of  by  practical  short  methods 
of  projection,  the 
principles  of  which 
are  based  on  this 
knowledge. 

A  full  view  of  any 
section  of  a  sphere 
is  a  circle.  If  the 
cutting  plane  passes 
through  the  center 
of  the  sphere,  the 
full  view  of  the  sec- 
tion  is  a  circle  whose 
diameter  is  the  same  fio.  29. 

as  the  diameter  of  the  sphere— or  the  great  circle  of  the 
sphere,  as  it  is  called.     If  the  cutting  plane  intersects  the 


Pian 


SidB 


sphere  in  any  other  way,  the  section  is  still  a  circle,  but  of 
smaller  diameter,  and  is  measured  from  a  view  in  which 
the  cutting  plane  is  shown  on  edge. 

78.  Sections  of  the  Cube. — Fig.  29  is  a  projection 
drawing  of  the  cube  referred  to  in  former  illustrations  and 
shows  a  vertical  section.     It  will  be  noticed  that  the  view 
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of  the  section  in  the  elevation  is  the  same  as  the  view  in  the 
front  elevation  in  Fig.  22.  This  is  always  the  case  in  sec- 
tions of  regular  prisms  where  the  cutting  plane  is  parallel 
to  the  ends  of  the  prism.  Fig.  30  represents  a  diagonal 
section  of  the  cube,  the  measurements  of  which  will  be 
apparent  to  the  student  from  an  inspection  of  the  drawing. 
Fig.  31  is  an  oblique  section,  in  which  but  three  sides  of  the 
cube  are  intersected  by  the  cutting  plane;  in  this  figure, 
the  full  view  of  the  sectional  surface  is  projected.     Fig.  32 


Fig.  81. 

represents  a  section  taken  at  a  still  different  angle  and  posi- 
tion of  the  cube.  W/ien  a  cutting  plane  passes  through  a 
solid  having  parallel  sides ^  in  any  direction  that  causes  it  to 
intersect  both  of  those  parallel  sides ^  those  sides  are  shown  in 
any  view  by  parallel  lines.  Note  that  in  the  sectional  views 
of  Fig.  32  the  opposite  edges  of  the  surfaces  are  defined  by 
parallel  lines;  thus,  since  A  B  and  CD  are  parallel  to  each 
other  in  the  plan  of  the  cube  in  Fig.  32,  so  A'  B'  and  C  U 
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are  in  the  same  relation  to  each  other  in  the  side  elevation; 
also.  A'  B'  and  C  ly  in  the  full  view  of  the  section.  The 
same  is  also  true  of  A  Cand  B  D^  as  may  be  seen  from  a 
comparison  of  the  views. 

79.  Hoisv  the  Cutting:  Plane  Is  Represented. — When 
the  cutting  plane  is  shown  on  edge  in  a  view,  it  is  usually 
indicated  by  the  same  kind  of  a  broken-and-double-dotted 
line  used  for  the  center  line  and  the  axial  line.     The  use  of 


FlO.  82. 

this  line  for  these  three  purposes  is  somewhat  puzzling  to 
the  beginner;  but  as  the  student  is  now  able  to  read  projec- 
tion drawings,  he  can  readily  determine  which  purpose  the 
line  is  intended  to  serve.  It  is  customary,  however,  as 
already  mentioned,  when  center  and  axial  lines  are  used,  to 
mark  them  as  such  by  neat  lettering.  A  section  line  in  a 
complicated  drawing  is  usually  designated  by  a  letter  placed 
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at  each  end  of  the  line,  to  which  reference  is  made  in  the 
following  manner:  If,  in  the  view  where  the  cutting  plane 
appears  as  a  line,  it  is  lettered  A-B,  the  full  view  of  the 
section  is  designated  as  a  **  section  on  the  line  A-B." 

80.  The  problems  for  this  plate,  of  which  there  are  four, 
consist  of  the  projection  of  the  section  drawings  indicated 
in  the  accompanying  illustrations.  They  are  to  be  repro- 
duced on  the  plate  by  the  student  to  the  dimensions  given 
on  each  figure.  The  cutting  plane  is  indicated  by  the 
line  A-B^  and  the  views  shown  may  be  understood  by  a 
careful  study  of  the  figures  on  the  plate  illustrating  each 
problem.  The  direction  of  a  certain .  Ifne  in  each  plan  is 
changed  in  these  views,  and  the  cross-section  is  accordingly 
represented  as  foreshortened  in  the  front  and  side  eleva- 
tions. A  view  is  also  to  be  projected  in  which  a  full  view 
of  the  sectional  surface  will  be  seen.  The  plate  is  to  be 
divided  into  four  equal  spaces  by  horizontal  and  vertical 
lines.     Problem  16  is  to  occupy  the  upper  left-hand  space. 

The  student  is  recommended  not  to  refer  to  the  reduced 
copy  of  the  plate  more  frequently  than  is  necessary  to  en- 
able him  to  fix  the  location  of  the  views  on  the  drawing;  he 
should  learn  to  depend  on  his  own  knowledge  of  projection. 


PROBLBM  16. 

81.  To  project  sectional  views  of  an  octagronal  prism, 
the  cutting  plane  crossing:  the  solid  at  an  oblique  an^rle 
and  leaving^  a  portion  of  the  ux>per  surface  intact. 

Explanation. — The  position  of  the  prism  and  the  angle  of 
the  cutting  plane  is  shown  in  Fig.  33.  This  figure  is  to  be 
drawn,  as  at  {a)  in  the  left-hand  portion  of  the  space,  to  the 
size  required  by  the  dimension  figures.  The  plan  is  then 
copied  to  the  right,  as  at  (*),  but  in  a  relatively  different 
position,  as  will  be  seen  by  the  arrangement  of  the  letters 
and  the  direction  of  the  line  C  D.  Thus,  the  edge  a,  which 
in  the  plan  of  (a)  is  on  the  extreme  left  of  the  figure,  occu- 
pies a  position  nearer  the  lower  part  of  the  drawing  in  the 
plan  at  {d).     This  shifting  of  position  of  the  plan  may  be 
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effected  by  describing  circles  circumscribing  the  octagons 
and  drawing  the  diameter  CD  Rt  an  angle  of  30°  to  V  P,  as 
shown  in  the  plan  at  {a).  This  diameter  is  then  drawn  in 
a  vertical  position  in  the  second  plan  (^),  after  which  the 
arc  Da,  as  measured  on  the  first,  may  be  set  off  with  the 
dividers  on  the  second  plan.  The  projections  of  the  front 
and  side  elevations  are  then  made  in  the  regular  way.  The 
projection  of  the  full  view  is  accom- 
plished by  drawing  projectors  at  right 
angles  to  the  cutting  plane  A  B.  At 
a  convenient  distance,  as  shown 
at  (r),  draw  the  center  line  a'  j\  and 
from  this  line  set  off  with  the  dividers 
the  distances  from  the  line  ^^  as 
found  in  the  first  plan.  As  similar 
positions  have  corresponding  letters 
in  the  different  views  on  the  plate, 
the  student  will  have  no  difficulty  in 
recognizing  the  method  of  transfer, 
it  being  the  same  as  that  mentioned 
in  Art.  63.  Observe  that  the  sides 
of  the  section  b'  c'  ?Ln6.g'  o\  and  b"  c" 
and  g'  o' y  are  parallel  in  every  view 
shown,  since  the  sides  be  and  go  (/)  fig.  88. 

are  parallel,  as  shown  in  the  plan  of  the  solid.  The  same  is 
true  of  hg  and  co  (rf),  as  seen  at  h" g'  and  c" o"  in  {c)  (see 
Art.  78). 

The  student  will  finish  the  drawing  on  the  plate  in  as 
complete  a  manner  as  in  the  drawing  of  the  cube  in  Fig.  29, 
but  omitting  all  reference  letters.  The  surface  of  all  sec- 
tions in  each  view  is  to  be  cross-hatched,  as  in  Figs.  29-32. 


PKOBIiEM  17. 


82,     To    project    seetioual    views    of   a    hexagronal 
pyramid. 

The  dimensions   and  position   of   the    pyramid   and  the 
angle  of  the  cutting  plane  are  indicated  in  Fig.  34.     Any 
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section  of  a  pyramid  taken  at  right  angles  to  the  axis  of 
the  solid  is  a  polygon  having  an  outline  similar  to  the  base 
of  the  pyramid.  The  polygon  repre- 
senting the  section  of  any  pyramid 
thus  intersected  varies  in  size  as  the 
cutting  plane  passes  through  the 
pyramid  at  a  point  on  the  axis  nearer 
the  base  or  the  vertex  of  the  pyra- 
mid. If  the  cutting  plane  passes 
through  the  vertex  and  the  base, 
or  through  two  sides  and  the  base  of 
the  pyramid,  the  section  is  a  triangle. 
Any  other  section  is  a  polygon  having 
sides  unequal  in  length,  but  equal  in 
number  to  the  sides  of  the  polygon 
forming  the  base  of  the  pyramid. 

Explanation. — The  projections  of 
this  solid  and  its  sections  do  not  differ 
Pig.  84.  materially  from  those  of  the  preceding 

problem.  The  change  of  position  in  the  two  plans  is  accom- 
plished by  means  of  the  circumscribing  circle,  the  diameter 
in  the  first  plan  being  drawn  at  an  angle  of  45"^,  and  the 
arc  Ca  being  measured  in  a  similar  manner.  This  drawing 
may  be  more  accurately  made  if  the  edges  of  the  pyramid 
are  continued  by  dotted  lines  to  the  vertex  O  in  the  front 
elevations,  as  shown  on  the  plate.  A  comparison  of  the 
reference  letters  in  the  different  views  on  the  plate  will 
assist  the  student  in  the  work  of  drawing  these  projections, 
as  each  line  shown  is  similarly  lettered  in  all  views. 


PROBLEM  18. 

83.    To  project  sectional  views  of  a  cylinder. 

The  cylinder  possesses  some  points  of  similarity  to  the 
regular  prism  with  respect  to  its  section,  viz.,  a  section  par- 
allel to  its  ends  has  the  same  outline  as  the  ends,  while  a 
section  parallel  to  its  axis  is  a  parallelogram.      An  oblique 
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section  of  the  cylinder  is,  however,  as  will  be  observed 
during  the  projection  of  this  problem,  an  ellipse;  and  it  will 
further  be  noted  that  a  certain  view 
of  an  ellipse  is  a  circle. 

Explanation. — The  position  of 
the  cylinder  and  the  angle  of  the 
cutting  plane  is  shown  in  Fig.  35. 
Make  the  edge  a-^'  of  the  elevation 
at  {a)  -^  inch  long.  The  plan  of  the 
cylinder  is  first  divided  into  an  equal 
number  of  spaces  (in  this  case  12), 
the  points  being  lettered  a,  b,  c,  etc., 
as  shown  on  the  plate.  These  points 
are  then  assumed  to  represent  edges, 
as  in  the  case  of  the  octagonal  prism, 
and  are  projected  to  the  elevation, 
their  respective  positions  there  being 
indicated  by  similar  letters;  thus, 
the  edge  a-a'  in  the  elevation  repre- 
sents the  edge  a  as  shown  on  the  plan.  The  change  of  posi- 
tion in  the  second  plan  is  effected  by  drawing  the  vertical 
diameter  //,  which  is  shown  as  C  D  in  the  first  plan  at  an 
angle  of  30°  to  V  P.  The  position  of  all  points  is  then  noted 
in  a  manner  similar  to  the  two  preceding  problems  and  the 
projections  are  completed  as  heretofore.  After  tracing  the 
curve  of  the  ellipses  through  the  points  located  in  the  differ- 
ent views,  the  sections  are  indicated  by  cross-section  lines, 
as  before  directed. 


Pig.  35. 


PROBLEM  19. 

84.  To  project  views  of  an  Irregfularly  formed  solid; 
also,  to  project  a  sectional  view  A*oni  a  grlven  cutting 
plane. 

Explanation. — This  solid,  shown  in  perspective  in  Fig.  36, 
may  be  described  as  a  transition  piece,  that  is,  a  form  used 
to  connect  openings  or  outlines  unlike  in  shape.  Such  solids 
are  frequently  used  in  the  sheet-metal  trades,  particularly 
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in  boiler  and  pipework.  The  dimensions  of  this  solid  are 
better  shown  in  the  projection  at  Fig.  37.  Its  upper  base 
is  a  circle  1^  inches  in  diameter,  while  the  lower  base 
is  an  oval,  which  may  be  drawn  by  the  method  shown  in 
Geometrical  Drawing,  The  end  circle  of  the  lower  base  is 
described  with  a  radius  of  1  inch  from  a  center  located 
at  B^  Fig.  37,  the  distance 
between  the  centers  of  the 
upper  and  lower  bases,  as 
measured  on  the  plan  be- 
tween A  and  B,  Fig.  37,  being 
f  inch.  The  vertical  height 
of  the  solid  is  1^  inches. 


FIO.  86. 


Fig.  87. 


The  plan  and  front  and  side  elevations  are  drawn 
as  shown  on  the  plate,  and  since  the  methods  of  projec- 
tion are  no  different  from  preceding  problems  represent- 
ing regular  solids,  definite  instructions  for  this  work  are 
omitted.  Particular  attention  is  directed  to  the  method 
of  finding  the  outline  of  the  section,  as  its  application 
to  various  processes  of  patterncutting  is  of  great  impor- 
tance. The  direction  of  the  cutting  plane  is  shown  in  the 
side  elevation  at  (a)  by  the  line  A  B  on  the  plate.  The 
plan  and  elevation  is  to  be  redrawn  on  the  plate  in  the 
position  shown  thereon  at  (^),  and  the  full  view  of  the  sec- 
tion is  projected  toward  the  upper  part  of  the  drawing.  As 
it  is  desired  to  show  a  section  through  a  certain  portion  of 
this  solid,  it  is  first  necessary  to  locate  a  number  of  points 
on  the  line  that  represents  the  cutting  plane.  Since  the 
solid  presents  no  edges  that  intersect  this  plane,  a  number 
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of  lines  are  to  be  assumed  as  drawn  on  the  curved  surface 
of  the  solid. 

Construction. — First  draw  a  horizontal  line  through  the 
central  portion  of  the  plan,  as  m  n  in  the  drawing  on  the 
plate;  this  divides  the  figure  into  symmetrical  halves. 
Next,  by  spacing,  divide  the  outline  of  each  base  into  the 
same  number  of  equal  parts,  as  at  ^,  ^,  r,  etc.  on  the  upper 
base  and  /,  q^  r,  etc.  on  the  lower  base.  Project  the  points 
thus  located  to  the  elevation  and  draw  connecting  lines  in 
both  views,  as  shown.  Across  the  elevation  draw  the  line  C  D^ 
representing  the  cutting  plane,  and  project  the  intersections 
of  this  line  at  i,  ^,  S^  etc.  to  the  plan,  producing  each  line 
thus  drawn  until  it  meets  the  horizontal  line  m  n.  The  full 
view  of  the  sectional  surface  may  now  be  drawn  as  follows: 
Draw  projectors  vertically  upwards  from  the  points  i,  ^,  3, 
etc.  in  the  elevation,  and  at  a  convenient  height  from  that 
view  draw  the  horizontal  line  m'  n\  The  width  of  the  sur- 
face, as  measured  on  each  line,  may  now  be  set  off  with  the 


Pig.  88. 

dividers,  as  directed  in  Art.  53;  thus,  take  the  space  xy 
from  the  plan  and  transfer  it  to  corresponding  positions 
atx'y;r',  on  the  same  line  in  the  full  view.  Transfer,  in 
like  manner,  the  length  of  each  vertical  dotted  line  shown 
in  the  plan  to  the  full  view,  and  trace  an  irregular  curve 
through  the  points  thus  located,  completing  the  projection. 
This  curve  may  also  be  traced  through  the  plan  and  there 
indicated  by  short  cross-hatching,  while  the  full  view  of  the 
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sectional  surface  is  designated,  as  heretofore,  by  cross-section 
lines  in  the  manner  shown  on  the  plate. 

85,  Practical  Method  of  Representing:  Certain  Sec- 
tions.— In  working  drawings,  particularly  those  made  for 
the  execution  of  sheet-metal  work,  a  section  drawing  is  often 
made  directly  over  another  view,  and  the  lines  indicating 


the  section  are  distinguished  by  short  cross-hatching,  as 
shown  on  the  plate  in  the  plan  of  the  preceding  problem. 
Short  portions  of  sectional  views  are  also  frequently  shown 
in  this  way  on  \yorking  drawings,  in  order  to  indicate  the 
form,  or  profile,  of  moldings,  the  different  planes  of  adja- 
cent surfaces,  or  the  different  levels  at  which 
certain  notations  are  made.  Thus,  in  Fig.  38, 
which  shows  a  gable  finish,  the  section  at  A 
is  the  profile,  or  **stay,"  of  the  molding, 
while  the  section  at  B  indicates  that  the 
panel  shown  is  a  sunk  panel. 

In  detail  drawings  ( mere  projections 
drawn  full  size)  for  decorative  sheet-metal 
work,  sections  are  frequently  shown  at  dif- 
ferent portions  of  the  drawing,  as  in  Fig.  39, 
an  inspection  of  which  will  enable  the  student 
fully  to  comprehend  the  character  of  the 
various  parts,  without  the  aid  of  another 
view.  Sections,  therefore,  properly  under- 
FiG.  40.  stood  and  used,   may  be   employed  by  the 
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draftsman  in  many  ways,  and  are  frequently  a  means  of 
shortening  the  labor  of  drawing  intricate  projections. 

The  lines  representing  the  sides  of  the  octagonal  shaft  in 
Fig.  40  are  broken  in  the  lower  part  of  the  figure,  this  being 
a  means  of  indicating  that  the  full  length  is  not  shown  in 
the  drawing.  Reference  to  the  dimension  figures  gives  the 
reason,  it  being  obviously  unnecessary  to  make  a  drawing 
extending  the  full  length  of  a  simple  form. 


DRAWING  PliATE,  TITI^E :  SECTIONS  II. 

86.  Conic  Sections. — The  divisions  on  this  plate  are 
the  same  as  on  the  preceding  plate.  The  two  problems  to 
be  constructed  are  those  relating  to  sections  of  the  cone. 
Besides  their  use  in  many  calculations  of  the  arts  and  higher 
sciences,  conic  sections  are  of  great  value  to  the  architec- 
tural and  mechanical  draftsman,  for  the  curves  thus  de- 
veloped possess  great  beauty  and  symmetry,  and  when  used 
in  moldings,  present  pleasing  architecturail  effects  of  light 
and  shade. 

The  full  view  of  the  section  of  a  regular  cone  made  by  a 
cutting  plane  parallel  to  its  base  is  a  circle ;  if  the  cutting 
plane  passes  through  the  vertex  and  the  base  of  the  cone, 
the  section  is  a  triangle ;  if  the  cutting  plane  is  at  an 
oblique  angle  to  the  base,  which  angle  is  less  than  the  angle 
made  by  the  elements  of  the  cone  with  the  base,  the  section 
is  an  ellipse ;  if  the  cutting  plane  is  parallel  to  any  line 
drawn  on  the  convex  surface  of  the  cone  from  the  base  to 
the  vertex — that  is,  parallel  to  any  element  of  the  cone — the 
section  is  a  parabola ;  if  the  cutting  plane  is  at  any  angle 
(but  not  passing  through  the  vertex  of  the  cone)  greater 
than  the  angle  which  the  elements  of  the  cone  make  with 
the  base,  the  section  is  an  hyperbola, 

87.  Elements  of  the  Cone. — In  the  construction  of 
Problem  19,  where  it  was  desired  to  project  a  section  of  a 
solid  whose  curved  surface  presented  no  edges,  it  was  found 
necessary   to   assume    lines   on   that   surface,   in   order   to 
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establish  points  of  intersection  with  the  cutting  plane.    This 
process  must  be   followed  with   all   solids   whose   surfaces 

are  curved,  and  in  the  case  of  the 
cone  the  lines  thus  assumed  have  a 
further  use,  as  will  appear  later. 
The  manner  in  which  these  lines 
are  located  on  the  surface  of  the 
regular  cone  is  of  special  impor- 
tance and  is  as  follows:  The  out- 
line of  the  base  in  the  plan  is  first 
divided  by  spacing  it  into  a  number 
-^^  of  equal  parts  (16,  in  the  plan  of 
Fig.  41).  The  points  thus  located 
are  then  projected  to  a  view  in 
which  the  cone  is  represented  as  in 
the  elevation  of  Fig.  41 — that  is,  a 
right  view — and  lines  are  then 
drawn  from  these  points  to  the 
vertex.  They  are  also  shown  on 
the  plan  in  the  same  relation, 
each  line  being  represented  as  a 
radius  of  the  circle  at  the  base  of 
the  cone.  These  lines  are  called 
the  elements  of  the  cone,  the  term  being  used  in  this  case 
as  it  is  in  Arithmetic, 

In  such  a  view  of  a  cone  as  presented  in  the  elevation  of 
Fig.  41,  only  two  of  these  elements  (viz.,  A  B  and  A  C)  can 
be  shown  in  their  true  length — all  the  others  are  foreshort- 
ened. This  must  be  borne  in  mind  by  the  student,  for  it 
is  evident  that  only  on  such  lines  as  are  shown  in  their  true 
length  can  measurements  be  obtained  for  any  points  of  in- 
tersection. Those  points  that  are  located  on  foreshortened 
elements  are  determined  in  a  particular  way,  as  will  appear 
during  the  construction  of  the  following  problem. 

The  plan  and  front  and  side  elevations,  and  the  full  view 
of  the  section  for  each  problem  and  case,  are  to  be  drawn 
on  this  plate  in  the  same  corresponding  relation  as  on  the 
preceding  plate. 


Pig.  41. 
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PROBLEM  ao. 

88.     To  project   sectional  views   of  a   cone. 

The  three  cases  of  this  problem  should  be  carefully  stud- 
ied by  the  student,  for  on  the  application  of  the  principles 
here  shown  depend  nearly  all  operations  of  pattern  drafting 
that  relate  to  so-called  flaring  work.  A  clear  conception  of 
the  methods  used  will  be  found  indispensable  to  the  drafts- 
man that  desires  to  become  proficient  in  his  work.  An 
effort  should  be  made  on  the  part  of  the  student  to  trace 
each  operation  to  its  fundamental  principle,  when  it  will  be 
discovered  that  the  drawing  practically  resolves  itself  into 
a  continuation  of  problems  relating  to  the  true  lengths  of 
foreshortened  lines.  Since  such  problems  have  occupied 
his  attention  during  the  drawing  of  the  earlier  plates,  he 
should  have  no  difficulty  in  following  the  constructions  here 
given. 

Ca.se  I. —  IV/ien  the  cutting  plane  is  oblique  to  the  base 
and  intersects  all  the  elements  of  the  cone. 

The  position  of  the  cone,  its  dimensions,  and  the  angle  of 
the  cutting  plane  are  shown  in  Fig.  41. 

Construction. — Draw  a  right  plan  and  elevation  and 
represent  the  cutting  plane  tn  n  (see  plate)  by  a  line  drawn 
at  an  angle  of  45^  with  B  Cy  cutting  A  B  \  inch  from  B, 
Divide  the  circle  that  represents  the  outline  of  the  base  of 
the  cone  into  any  convenient  number  of  equal  parts  (in  this 
case  16).  Draw  lines  from  these  points  (^,  i,  2,  5,  etc.)  to 
the  center;  next,  project  these  lines— or  elcmeritSy  as  they 
are  called — ^to  the  elevation.  Project  the  intersections  of 
the  elements  in  the  elevation  with  the  cutting  plane  in  n 
to  the  corresponding  elements  in  the  plan  and  trace  a 
curve  through  the  points  thus  obtained. 

Attention  is  called  to  the  fact  that,  although  the  distances 
between  the  points  found  in  this  manner  are  unequal,  yet 
the  foreshortened  view  of  the  sectional  surface  thus  shown 
in  the  plan  is  a  true  ellipse,  as  is  also  the  full  view  of  the 
section  next  to  be  drawn.     Project  a  side  elevation  to  the 
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right  (see  Art.  61),  also  showing  a  foreshortened  view  of 
the  section — an  ellipse  of  a  different  curvature. 

Case  II. —  IV/ien  the  cutting  plane  is  parallel  to    one   of 
the  elemefitSy  the  section  being  in  this  case  a  parabola. 

Explanation. — Fig.  42   is   a  right  plan  and   elevation, 
giving  the  dimensions  of  the  cone.     The  cutting  plane  nt  n 


FlO.  42. 


Pig.  43. 


is,  in  this  case,  parallel  to  the  side  A  B  oi  the  cone  and 
cuts  B  C  \  inch  from  B.  The  method  of  drawing  these  pro- 
jections is  precisely  similar  to  that  in  the  preceding  case, 
and  since  corresponding  points  are  similarly  designated  in 
the  different  views  shown  on  the  plate,  the  student  should 
experience  no  difficulty  in  completing  the  drawing. 

Case  III. —  When  the  cutting  plane  is  perpendicular  to  the 
base  of  the  cone^  the  sectiofi  being  an  hj^perbola. 

Explanation. — To    produce    that    section  of   the    cone 
known  as  the  hyperbola,  the  cutting  plane  may  form  with 
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the  base  any  angle  included  between  a  right  angle  and 
the  angle  formed  by  an  element  with  the  base  (as  the  angle 
ABC,  Fig.  43).  The  dimensions  and  position  of  the 
cone  and  the  cutting  plane  are  shown  in  Fig.  43,  and  since 
the  method  of  projection  is  the  same  as  in  the  two  prece- 
ding cases,  the  student  may  complete  the  views  without 
further  instruction.  In  this  case,  the  projection  of  a  sep- 
arate full  view  may  be  omitted,  the  latter  being  shown  in 
the  side  elevation. 


PROBLEM  81. 

89*    To  project  sectional  views  of  a  scalene  cone. 

Explanation. — This  solid,  which  is  of  varied  form  and 
of  frequent  occurrence  in  the  metal  trades,  is  an  irregular 
geometrical  figure.  It  is 
a  cone  whose  axis  is  in- 
clined to  its  circular  base. 
All  the  elements  of  a  reg- 
ular cone  are  of  equal 
length,  but  the  elements 
of  a  scalene  cone  are  nec- 
essarily of  variable  length, 
for,  since  its  axis  is  in- 
clined toward  a  portion  of 
the  base,  the  elements  in 
that  part  of  the  surface 
must  be  shorter.  It  is  to 
be  noted,  in  this  case,  that 
the  axis  of  the  cone  shown 
in  Fig.  44  does  not  pass 
through  the  center  of  the 
circle  that  represents  the 
base  of  the  solid. 

Construction. — To  re- 
produce this  drawing  on  the  plate,  draw  first  the  horizontal 
line  6a  in  the  plan  3|  inches  long,  as  called  for  by  the 
dimension  figures  in  Fig.  44;  next,  describe  the  circle  63 c 


Fig.  44. 


Digitized  by  VjOOQIC 


84  PRACTICAL  PROJECTION.  §  15 

2^  inches  in  diameter  from  a  center  located  on  the  line  ba^ 
its  circumference  passing  through  the  point  b.  Project  the 
elevation  according  to  the  dimensions  given  in  Fig.  44. 
The  axial  line  is  next  drawn;  bisect  the  angle  B A  C  and 
draw  the  bisector  A  O;  represent  the  cutting  plane  mn  by 
a  line  drawn  perpendicular  to  A  O  and  cutting  A  C  \  inch 
from  C, 

The  method  of  projection  for  the  various  views  of  this 
solid  is  the  same  as  in  former  cases;  that  is,  divide  the  out- 
line of  the  base  in  the  plan  into  a  convenient  number  of 
spaces  (12  in  this  problem),  and  from  points  thus  located 
draw  the  elements  to  the  apex  a  (see  plate).  Next,  project 
these  elements  to  the  elevation,  and  finally  project  their 
intersections  with  thecutting'planeto  the  different  views,  as 
shown  in  the  drawings  on  the  plate.  Note  that  the  full 
view  of  the  section,  which  in  this  problem  is  taken  at  right 
angles  to  the  axis  of  the  solid,  is  an  ellipse.  If  the  cone 
were  in  an  upright  position — that  is,  with  its  base  at  right 
angles  to  the  axis  (as  that  part  of  the  cone  above  the  cut- 
ting plane  in  Fig.  44) — the  solid  would  be  termed  an 
** elliptical"  cone.  This,  strictly,  is  not  a  geometrical 
solid,  but  its  characteristics  in  projection  drawing  are  some- 
what similar  to  the  regular  cone,  although  the  elements  in 
each  quarter  of  the  base  are  always  of  unequal  length. 

The  student  should  now  be  able  to  project  any  sections 
that  may  be  desired. 


DRAWING  PliATE,  TITI^E:    INTERSECTIONS  I. 

90.  The  Miter  lAne. — To  represent  properly  the  inter- 
sections of  the  surfaces  of  solids — or  to  '*  draw  the  miter 
line,"  as  it  is  commonly  called — is  the  last  process  of  projec- 
tion used  before  the  patterns  for  any  sheet-metal  work  may 
be  developed.  It  has  already  been  remarked  that  plane  sur- 
faces intersect  in  a  line;  the  representation  of  the  intersec- 
tion of  plane  surfaces  is  therefore  a  very  simple  process, 
the  draftsman   merely   having   to   define   each  surface  by 
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the  application  of  the  regular  projection  methods  already 
explained.  The  intersection  of  curved  surfaces  is  appar- 
ently more  complicated,  but  only  because  it  is  necessary  to 
locate  a  greater  number  of  points  than  are  required  for  the 
intersection  of  plane  surfaces.  The  location  of  points  for 
the  representation  of  the  intersection  of  curved  surfaces  is 
done  in  a  manner  somewhat  similar  to  that  already  shown 
in  connection  with  the  projection  of  plane  surfaces  having 
curved  outlines.  There  is,  however,  this  important  differ- 
ence to  be  observed:  in  the  case  of  the  surfaces  mentioned, 
their  projection  is  accomplished  by  means  of  points  located 
on  their  outlines;  while  in  the  case  of  the  intersection  of 
curved  surfaces,. it  is  necessary  to  locate  liyies  in  such  posi- 
tions on  each  surface  that  they  will  lie  in  the  same  plane, 
although  drawn  on  different  surfaces.  It  is  possible  to 
locate  a  number  of  these  lines  in  such  positions  on  the 
drawing  that  through  their  points  of  intersection  a  curve 
may  be  traced  that  will  be  the  correct  line  of  intersection 
of  the  surfaces. 

91.     Relation  of  tlie  Miter  Xilne  to  tlie  Pattern. — No 

drawing  of  an  object  in  which  intersected  solids  are  repre- 
sented is  complete  unless  the  line  of  intersection  is  accu- 
rately produced.  This  is  a  very  important  part  of  the 
drawing,  and  the  correct  **fit"  of  the  pattern  in  work  of 
this  class  often  depends  entirely  on  the  accuracy  with  which 
the  line  of  intersection  is  drawn.  In  fact,  a  development,  or 
pattern,  cannot  be  made  until  the -drawing  is  complete  in 
this  particular.  The  principles  governing  the  use  of  these 
lines  are  clearly  shown  in  the  explanation  accompanying 
the  problems,  which  the  student  should  study  carefully ;  for, 
if  he  thoroughly  comprehends  the  principles  governing 
their  use  and  exercises  due  care  to  see  that  lines  are  drawn 
from  the  same  corresponding  points  in  each  view,  he  will 
have  no  difficulty  in  producing  the  correct  lines  of  intersec- 
tion for  the  surfaces  of  the  solids  represented  on  these 
plates,  or,  in  fact,  for  the  surfaces  of  any  solid.  The  prob- 
lems for  this  plate  consist  of  the  projection  of  intersecting 
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solids  having  plane  surfaces.  The  solids  are  shown  in  per- 
spective in  the  illustrations  accompanying  each  problem, 
and  reference  to  the  projections  on  the  plate  will  be  suffi- 
cient to  show  the  method  of  finding  the  lines  of  intersection. 


PROBLEM  22. 

93.     To  project  "views  of  intersecting:  prisms. 

When  the  plane  or  curved  surfaces  of  any  solid  so  inter- 
sect as  to  present  one  continuous  surface — that  is,  so  that 
the  surfaces  meet  **edge  and  edge"  in  the  same  plane — no 
line  of  intersection  is  necessary,  since  such  surfaces  are  rela- 
tively in  (and  a  part  of)  the  same  plane.  When,  however, 
the  surfaces  of  one  solid  intersect  a  central  portion  of  the 
surface,  or  surfaces,  of  another  solid,  it  is  necessary  that 
the  line  of  intersection — that  is,  the  boundary  lines  of  the  sur- 
faces of  the  intersecting  solid — should  be  accurately  drawn. 

Case  I. —  IV/ten  the  axes  of  the  prisms  intersect  at  an  angle 
ofdir. 

Explanation. — The  solids  for  the  projection  of  this  prob- 
lem are  shown  in  perspective  in  Fig.  45,  which  represents 
also  their  position  in  the  intersection  of 
Case  I.  The  figure  consists  of  an  up- 
right shaft  in  the  form  of  a  quadrangu- 
lar prism  with  a  horizontal  octagonal 
prism  intersecting,  or  **mitering,"  at 
right  angles  along  the  axial  lines  of 
the  two  solids.  The  projection  and 
arrangement  of  the  solids  is  seen  in 
the  drawings  for  this  problem  on  the 
FIG.  45.  plate.     It  will  be  noticed  that  the  octa- 

gons drawn  in  dotted  lines  in  the  figure  do  not  form  a 
part  of  the  finished  drawing,  but  are  thus  drawn  to  facili- 
tate the  projection,  as  the  edges  of  the  solids  may  thus  be 
determined  before  the  side  view  is  drawn.  It  is  often  con- 
venient to  place  portions  of  views  temporarily  on  the  draw- 
ing in  this  manner,  as  much  labor  is  thereby  saved.      The 
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plan  is  completed  first  and  the  remainder  of  the  drawing 
finished  in  the  usual  way,  as  may  be  seen  from  the  reduced 
copy  of  the  plate.  It  is  thus  shown  that  the  correct  line  of 
intersection  is  found  by  simple  methods  of  projection,  the 
position  of  the  points  in  the  line  being  determined  by  pro- 
jection from  the  different  views. 

Construction. — Draw  the  plan  A  BCD  in  its  proper 
position,  as  shown  on  the  plate,  and  next  construct  the 
elevation  A  A'  C  C^  thus  completing  the  projection  of  the 
quadrangular  prism  as  though  that  solid  alone  were  to  be 
represented.  Draw  a  horizontal  axial  line  (not  shown  on 
the  plate)  for  the  octagonal  prism  through  both  views,  and 
at  the  left  of  the  views  thus  drawn  construct  a  full  view  of 
the  end  of  the  octagonal  prism,  as  shown  by  the  octagons 
in  dotted  lines  on  the  plate.  Next  draw  the  lines  that  rep- 
resent the  edges  of  the  octagonal  prism  in  both  views. 
From  the  points  of  intersection  of  such  lines  in  the  plan 
with  the  edges  A  B  and  A  D  of.  the  quadrangular  prism, 
draw  primary  projectors  to  corresponding  lines  in  the  eleva- 
tion. Draw  connecting  lines  through  the  points  of  inter- 
section thus  determined  in  theelevation,  as  shown  at  a'  V  c'  d' 
on  the  plate.  This  completes  the  projection  of  that  view; 
the  side  elevation  may  then  be  projected  by  means  of 
secondary  projectors,  as  in  former  problems. 

This  plate  is  divided  in  the  same  manner  as  the  preceding 
plate,  and  the  projections  for  this  case  are  drawn  in  the 
upper  left-hand  space. 

Case  H. —  When  ike  axes  intersect  at  an  oblique  angle. 

This  projection  is  completed  as  shown  on  the  plate.  In 
this,  as  in  the  preceding  case,  the  plan  is  first  drawn ;  but 
before  it  can  be  completed,  a  portion  of  the  elevation  has  to 
be  drawn  in  order  to  determine  the  outline  of  the  octagonal 
surface  in  the  plan  (Problem  6). 

Construction. — First  draw  the  outline  A  B  C  D  in  the 
plan,  and  then  construct  the  octagon  shown  in  dotted  lines 
at  {a),  from  the  points  of  which  draw  horizontal  lines  to  the 
plan  of  the  quadrangular  prism,  in  the  manner  shown.     Next 
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draw  the  elevation  of  the  quadrangular  prism,  and  locate  the 
point  X  midway  on  the  line  A  A' ;  the  angle  of  inclination  of 
the  octagonal  prism  is  in  this  case  45°,  and  a  line  at  that 
angle  is  then  to  be  drawn  through  x  for  the  axial  line  of  that 
solid.  Construct  the  full  view  of  the  end  of  the  octagonal 
prism  at  (d),  and  from  the  points  e,  f^  g,  etc.  in  that  view,  draw 
lines  of  indefinite  length  toward  the  right;  intersect  these 
lines  at  a'^  b\  c\  and  d^  in  the  elevation  by  vertical  primary 
projectors  drawn  from  corresponding  points  in  the  plan,  thus 
establishing  the  line  of  intersection  in  the  elevation.  The 
plan  is  then  completed  by  drawing  primary  projectors  verti- 
cally downwards  from  the  edge  view  of  the  end  of  the 
octagonal  solid  in  the  elevation  and  tracing  the  outline  of 
the  inclined  surface  thus  designated,  as  in  Problem  6.  The 
side  elevation  is  next  projected  by  the  arc  method  of  second- 
ary projectors,  as  heretofore.  Note  that  the  intersection 
of  the  upper  portion  of  the  octagonal  surface  is  to  be  rep- 
resented in  that  view  by  dotted  lines. 

Case  III. —  When  the  axes  are  at  an  oblique  angle ^  but  do  not 
intersect. 

Explanation. — The  position  of  the  solids  is  shown  in  the 
drawings  on  the  plate,  and  the  projections  do  not  differ 
materially  from  those  of  the  two  preceding  cases.  The 
octagonal  solid  is,  in  this  case,  inclined  at  an  angle  of  30**,  and 
its  axial  line  m  ;/,  as  shown  in  the  plan,  is  drawn  ^  inch 
below  the  center  of  the  quadrangular  prism.  The  order  of 
procedure  is  the  same  as  that  given  for  the  drawing  of 
Case  II,  and  will  present  no  difficulties  to  the  attentive 
student.  It  is  necessary,  however,  to  use  extreme  care  in 
these  projections,  in  order  that  the  position  of  points  in  the 
different  views  may  be  located  in  the  same  corresponding 
position  with  regard  to  one  another.  * 


*  Too  much  stress  cannot  be  laid  on  this  important  statement;  as  the 
student  progresses  with  the  projection  of  the  views,  he  will  see  the  im- 
portance of  this  matter.  The  work  must  be  done  slowly,  keeping  the 
pencil  points  well  sharpened;  the  position  of  the  points  in  the  drawing 
may  then  be  accurately  determined,  if  the  views  are  constantly  com- 
pared. If  this  is  done,  there  will  be  no  difficulty  attached  to  any  of  the 
problems  to  follow  in  this  Course, 
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PROBLEM  23. 

93.     To  project  vlew^  of  a  prism  Intersected  by  a 
cylinder. 

Explanation. — Fig.  46  is  a  perspective  view  of  an  octag- 
onal prism  intersected  by  a  cylinder  at  an  oblique  angle,  the 
axes  of  the  solids  not  intersect- 
ing. The  arrangement  of  the 
views,  the  dimensions,  and  the 
angle  of  inclination  are  shown  on 
the  plate.  The  projection  of  this 
problem  is  very  similar  to  the  last 
case  of  Problem  22.  Note  that 
the  position  of  the  two  solids  is 
such  that  the  axis  of  the  cylinder 
intersects    the    edge    D  of    the 

^,         .      ,         ,  Pig.  46. 

prism.  The  circles  that  represent 

the  end  surface  of  the  cylinder  in  each  view  are  divided  into 
a  convenient  number  of  equal  spaces,  and  from  the  points 
thus  located  lines  parallel  to  the  axis  of  the  cylinder  are 
drawn  on  its  surface.  These  lines  are  then  projected  in 
the  same  way  as  the  lines  that  represented  the  edges  of 
the  octagonal  prism  in  Problem  22.  Since  the  surface 
of  the  cylinder  is  a  curved  surface,  the  line  drawn  through 
the  points  of  intersection  of  the  two  solids  will  be  a  curved 
line. 

94*     General  Instruction  Belating:  to  Intersections. 

When  points  are  located  on  the  full  view  of  a  surface  in  a 
plan  and  elevation,  as  on  the  circles  at  (a)  and  (b)  in  the 
drawings  on  the  plate  for  the  last  problem,  care  must  be 
taken  that  the  distinction  between  the  different  views  is 
maintained;  thus,  the  point  .r,  at  {a)  and  in  the  plan,  is 
located  at  x'  at  (b)  and  in  the  elevation,  both  positions  on 
the  drawing  representing  the  same  position  on  the  solid. 
Any  other  points  thus  located  on  an  outline  will  be  changed 
in  a  corresponding  way  with  relation  to  one  another.  To  pro- 
ject intersections  of  solids,  all  of  whose  surfaces  are  bounded 
by  parallel  lines,  or  on  whose  surfaces  parallel  lines  may  be 
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drawn  that  will  also  be  parallel  to  the  axis  of  the  solid,  it  is 
necessary  to  first  draw  a  view  that  will  show  the  intersect^'^ 
surface,  or  surfaces,  in  one  line — that  is,  **  on  edge."  Such 
views  have  been  drawn  in  the  plans  of  the  preceding  prob- 
lems. The  lines  of  the  intersecti«^  solid  are  then  repre- 
sented in  this  view,  and  the  points  of  their  intersection  with 
the  upright  surfaces  are  projected  to  the  elevation  in  the 
manner  described. 

It  will  be  seen  that,  if  all  the  surfaces  of  any  intersecting 
solids  are  plane,  their  edges  or  outlines  alone  will  suffice  for 
finding  the  lines  of  intersection.  If  ^the  surfaces  are  curved, 
it  is  merely  necessary  to  locate  a  number  of  points  on  the 
outline  of  the  full  view,  through  which  to  draw  parallel  lines 
similar  to  those  drawn  on  the  cylinder  in  Problem  23.  This 
practically  changes,  or  reduces,  the  cylinder  to  a  solid 
bounded  by  a  number  of  plane  surfaces.  In  the  case  of 
Problem  23,  the  cylinder  has  really  been  treated  as  though 
it  were  a  prism  having  a  number  of  sides  equal  to  the  num- 
ber of  spaces  into  which  the  circles  were  divided.  This 
would  actually  have  been  the  case  had  straight  lines  been 
drawn  between  the  points  thus  located  on  the  circles  at  (a) 
and  (b).  Had  this  been  done,  the  line  of  intersection  would 
also  have  been  represented  by  a  series  of  short  lines  drawn 
between  the  points  located  by  projection  methods. 


DRAWING  PLATE,  TITLE:  INTERSECTIONS  II. 

96.  This  plate  is  divided  in  the  same  manner  as  the  pre- 
ceding plate,  and  the  problems  occupy  the  same  relative 
positions. 

96.  Intersections  of  Cylinders. —  T/ie  mtersection  lines 
of  cylinders  equal  in  diameter  and  iiitersecting  one  another 
in  the  same  plane — that  is,  so  that  their  axes  also  intersect — 
are  akvays  represented  by  straight  lines  in  a  view  that  shows 
the  axes  in  their  true  length.  This  is  the  case  in  the  pro- 
jections that  are  shown  in  Fig.  47,  which  represents  objects 
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that  are  familiar  to  all  sheet-metal  workers;  namely,  pipe 
angles  (^),  elbows  (i),  Y's  (r),  and  T*s  (d).  The  same  is 
also  true  of  similar  moldings  **  mitered  "  in  a  plane  in  which 
the  true  length  of  all  members  of  such  moldings  may  be 
shown.  The  line  of  intersection  may  always  be  found  in 
such  cases  by  bisecting  the  angle  made  by  the  pipe  or  mold- 
ings. Fig.  47  also  illustrates  an  example  of  line  shading 
often  used  by  draftsmen  to  designate  cylindrical  surfaces  on 


PIO.  47. 

working  drawings.  When  cylinders  of  different  diameters 
intersect  (or  cylinders  of  the  same  diameter  whose  axes  do 
not  intersect),  the  lines  of  intersection  in  any  view  are 
curved  lines,  and  are  found  in  a  manner  similar  to  the  pro- 
jection in  the  last  problem.  The  lines,  however,  that  are 
drawn  on  any  one  cylinder  must  be  projected  to  the  inter- 
secting cylinder,  for  it  is  at  the  intersection  of  lines  thus 
drawn  that  points  are  established  through  which  the  curve 
of  intersection  may  be  traced.  This  is  illustrated  in  Prob- 
lem 24. 

Ji    II.— 7 
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PROBLEM  «4. 

97.     To  project  vleT-srs  of  Intersectingr   cylinders   of 
unequal  diameters. 

Explanation. — Fig.  48  is  a  perspective  view  of  a  branch  Y 
of  occasional  occurrence  in  blowpipe  work.  The  arrange- 
ment of  the  views  and  the  method  of  projec- 
tion are  shown  on  the  plate,  and  since  it  is 
similar  to  those  of  drawings  that  have  been 
made  on  the  preceding  plate,  no  definite  in- 
structions are  necessary.  The  diameter  of 
the  larger  cylinder  is  2  inches  and  that  of 
the  smaller  1  inch,  while  the  angle  of  inter- 
section shown  in  the  elevation  is  45°.  The 
position  of  the  two  cylinders  is  such  that 
the  outline  r  ^  of  the  smaller  cylinder  in  the 
Fig.  48.  plan  is  tangent  to  the  circle  that  represents 

the  large  cylinder.  Note  the  position  of  points  on  the  cir- 
cle that  represents  the  end  surface  of  the  smaller  cylinder  in 
the  plan,  at  a,  i,and  c^  and  their  corresponding  location  at«', 
b\  c\  etc.  in  the  elevation  (Art.  94).  Also,  observe  that  cer- 
tain points  on  lines  drawn  on  the  surface  of  the  smaller  cylin- 
der, as  the  lines  ;;/ «,  pg^  and  r  J  in  the  plan,  are  projected  to 
the  front  elevation,  where  they  are  represented  as  lines  at 
n'  n',  q' q\  kinds' s".  These  corresponding  lines  are  in  the 
same  plane  and  are  the  lines  drawn  on  the  surface  of  the 
larger  cylinder,  as  above  mentioned.  Through  the  points  of 
their  intersection  with  lines  drawn  from  a\  b\  and  c'  in  the 
elevation,  the  curved  line  of  intersection  of  the  two  cylinders 
is  to  be  traced,  thus  completing  the  problem.  Project  the 
side  elevation  as  heretofore. 


PROBLEM  25. 

98.     To  project  views  of  a  cone  intersected  by  a  cylin- 
der, the  axes  of  the  two  solids  being:  parallel. 

Explanation. — Fig.  49  is  a  perspective  view  of  a  steam- 
exhaust  head,  a  modification  of  which  is  in  common  use. 
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The  drawing  on  the  plate  is  a  complete  projection  of  the 
same,  in  which  the  proportion  of  the  cylinder  C  is  increased, 
in  order  to  show  the  method  of  projection  to  better  ad- 
vantage. Observe  that  the  position  of  the  object  is  re- 
versed, as  the  drawing  is  thereby  facilitated.  The  eleva- 
tions on  the  plate  show  that  the  lines  of  intersection  of 
the  two  cylinders  A  and  B  with  the  cone  are  represented 
by  straight  lines;  this  is  always  the  case  when  a  cylinder 
whose  diameter  is  equal  to  a  section 
of  the  cone  intersects  in  this  manner. 

Construction.  —  First,  construct 
the  elevation  of  the  cone  in  its  proper 
place  on  the  drawing  and  in  accord- 
ance with  the  dimensions  given  on  the 
plate.  The  cylinders  A  and  B  are 
then  drawn  as  shown.  Next,  draw 
the'  plan  and  represent  the  outline  of 
the  cylinder  C  in  that  view  by  a  circle 
of  the  diameter  indicated  on  the  plate. 
Divide  this  outline  into  a  convenient  number  of  equal  spaces 
(in  this  case  8),  as  shown  at  a^  b^  r,  etc.,  and  through  each 
of  these  points  draw  elements  of  the  cone,  as  (?/,  O  q^  etc. 
Project  these  elements  to  the  elevation  and  locate  thereon 
by  projection  methods  the  position  of  the  points  of  intersec- 
tion a\  h\  g\  etc.  Complete  the  elevation  by  drawing  the 
outline  of  the  cylinder  C  in  that  view  and  tracing  the  line 
of  intersection  of  the  two  solids  through  the  points  a\  h\g\ 
etc.     Project  the  side  elevation  by  the  usual  methods. 


FIO.  49. 


PROBI.EM  86. 

99.    To  project  Tleivs  of  Intersecting  cones. 

Fig.  50  is  a  perspective  view  of  an  object  that  illustrates 
this  problem.  The  cones  are  shown  in  a  somewhat  more 
convenient  proportion  for  this  problem  in  the  projections 
on  the  plate.     The  construction  of  this  problem  must  be 
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Fig.  60. 


followed  very  carefully,  as  a   number  of  the  operations  are 
necessarily  made  over  one  another  on  the  drawing  and  the 

student    must    be   careful   to   dis- 
tinguish each  process. 

Construction.  — Describe  a  circle 
2J  inches  in  diameter  in  the  plan 
to  represent  the  lower  base  of  the 
larger,  or  intersected,  cone  in  that 
view;  and  from  the  same  center  de- 
scribe a  circle  i  inch  in  diameter, 
to  represent  the  upper  base.  Pro- 
ject the  front  elevation  of  this  cone, 
and  define  the  frustum  2J  inches 
high,  as  shown  on  the  plate,  pro- 
ducing the  outlines  until  they  meet 
in  the  vertex.  Next,  through  the 
point  f\  Fig.  51,  draw  the  axial  line  of  the  smaller,  or  inter- 
secting, cone  (the  line  A  B^  Fig.  51)  at  an  angle  of  45° 
with  the  base  of  the  larger 
cone;  locate  the  point  A 
3  inches  from  F^  and,  after 
fixing  the  point  C  1  inch 
from  /%  draw  CD  perpen- 
dicular to  A  B.  Draw  the 
outline  of  the  upper  base  of 
the  smaller  cone  in  the  ele- 
vation parallel  to  CD  and 
\  inch  from  A,  Draw  the 
full  view  of  the  base  of  the 
smaller  cone  at  J B  H\  di- 
vide this  outline  into  a  con- 
venient number  of  equal 
parts,  as  at  J^  a,  B,  c,  etc., 
and  project  these  points  to 
the  base  C  D.  Draw  the 
elements  of  the  smaller 
cone,  as  shown  in  Fig.  51, 
and  produce  them  until  they  pj^^  5i, 
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intersect  the  base  of  the  large  cone  at  /f,  /%  and  C*  In 
the  plan  of  this  drawing,  a  series  of  sections  of  both  cones 
are  now  drawn  as  the  sectional  curves  would  appear  if  each 
of  the  elements  of  the  smaller  cone  shown  in  the  elevation 
were  considered  as  a  cutting  plane,  as  in  Problem  20.  The 
sections  of  the  smaller  cone  will,  in  each  case,  be  a  triangle 
(Art.  86),  while  the  sections  of  the  larger  cone  will  be 
elliptical,  parabolic,  or  hyperbolic  curves,  as  the  case  may  be. 
The  point  of  intersection  with  the  side  of  each  triangle  and 
its  correspondihg  sectional  curve  of  the  larger  cone  is  then 
projected  to  the  elevation  and  the  line  of  intersection  of 
the  two  cones  traced  through  these  points.  The  sectional 
triangles  of  the  smaller  cone  are  shown  in  the  plan  of  Fig.  51. 
Draw  vertical  primary  projectors  to  the  plan  from  points  a\ 
B\  and  c\  and  on  these  pro- 
jectors set  off  distances  from 
the  horizontal  center  line  of 
the  plan  similar  to  the  dis- 
tances from  HJ  in  the  full 
view  of  the  base;  that  is, 
make  x'  c"  equal  x  c,  etc. 

It  is  not  necessary  to  de- 
velop the  sectional  curves 
of  the  larger  cone  in  their 
entire  length,  since  all  that 
is  required  is  to  find  a  point 
on  each  curve  that  is  at  the 
intersection  of  the  triangu- 
lar sections  of  the  smaller 
cone.  This  is  better  illus- 
trated in  Fig.  52,  in  which 
is  shown  the  projection  of 
the  point  o  in  the  line  of  in- 
tersection.    A  study  of  this 


Fig.  62. 


*  In  this  case  eight  elements  are  represented,  since  it  is  not  desirable 
to  complicate  the  drawing  by  using  more,  although  in  practical  work 
it  will  be  found  necessary  to  use  a  larger  number  of  points  in  order 
that  the  line  of  intersection  may  be  more  accurately  traced. 
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figure  will  show  to  the  student  that  the  operations  are  simi- 
lar to  those  of  Problem  20;  the  process  in  the  case  of  each 
point  is  merely  a  repetition  of  that  here  indicated  and  need 

not  be  further  explained. 
The  extreme  upper  and 
lower  points  y  and  ^, 
Fig.  51,  are  the  points  of 
intersection  of  the  central 
section,  and  may  be  pro- 
jected dire<itly  to  the  plan 
from  the  elevation,  since 
the  outline  of  the  figure 
in  the  elevation  is  really 
a  section  on  the  line  mn 
in  the  plan  of  Fig.  61. 
Fig.  53  shows  the  three 
sections  produced  by  the 
above  method;  that  is, 
the  irregular  curve  pqr^ 
Fig.  53,  is  a  section  of  the 
larger  cone  produced  by 
the  intersection  of  the 
Pio.  68.  cutting   plane    A  E  \    s  s 

and  /  /  are  found  as  above  described,  the  section  lines  being 
indicated  in  the  figure  by  short  cross-hatching.  Project 
the  side  elevation  as  in  former  problems. 

The  student  may,  at  the  completion  of  the  drawing  on 
the  plate,  erase  all  the  construction  lines  except  those  pro- 
jectors shown  on  the  reduced  copy  of  the  plate,  those  lines 
only  being  inked  in  that  are  necessary  to  show  the  out- 
lines of  the  figure  and  the  line  of  intersection  in  each  view, 
as  well  as  the  outer  projectors. 


PROBLEM  27. 

lOO,     To  project  views  of  a  sphere  Intersected  by  a 
cylinder. 

When  the  position  of  these  two  solids  is  such  that  the  axis 
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of  the  cylinder  passes  through  the  center  of  the  sphere,  as 
shown  in  perspective  in  Fig.  54,  the  line  of  intersection 
is  shown  in  a  right  elevation  as  a  straight  line.  In  the  case 
of  the  solid  shown  in  perspective  in  Fig.  55,  the  axis  of  the 
cylinder  does  not  pass  through  the  center  of  the  sphere,  and 
the  line  of  intersection  is  an  irregular  curve,  which  may  be 


FlO.  54. 


Pig.  66. 


found  by  the  following  method.  Since  the  construction  of 
this  problem  involves  lines  that  must  necessarily  be  drawn 
closely  together  in  the  small  scale  adopted  for  these  drawings 
on  the  plate,  a  proportion  is  selected  that  does  not  admit  of 
the  entire  figure  being  shown  in  the  elevations;  these  pro- 
jections are  therefore  finished  by  broken  lines,  as  indicated 
on  the  plate. 

Construction. — Draw  the  plan  first  and  represent  the 
view  of  the  sphere  by  a  circle  3^  inches  in  diameter.  Draw  a 
vertical  diameter  and  from  a  point  midway  on  the  radius  a  b 
describe  a  circle  If  inches  in  diameter,  to  represent  the  end 
view  of  the  cylinder,  on  the  outline  of  which  locate  a  number 
of  points  by  spacing  with  the  dividers,  as  at  i,  ^,  S^  ^  etc. 
Through  these  points,  in  the  manner  shown  on  the  plate, 
draw  vertical  lines,  as  ab^  c  d,  ef^  gh^  and  ij\  each  of  which 
will  now  represent  a  cutting  plane.  Sections  of  the  sphere 
and  cylinder  on  these  lines  are  now  to  be  produced  in  the 
side  elevation.  These  sections,  as  already  stated,  are  circles 
and  parallelograms,  respectively,  the  diameter  of  the  circles 
being  ascertained  from  the  view  in  which  the  cutting  plane 
is  shown  on  edge,  as  in  the  plan.     In  this  problem,  the  side 
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elevation  is  next  projected.  Describe  arcs  representing  the 
sections  in  the  side  elevation,  using  the  radii  ab^cd^  ef^  gh^ 
and  ij\  the  radius  a  b  being  the  great  circle  of  the  sphere. 
By  the  aid  of  primary  projectors,  project  the  points  from 
the  cylinder  in  the  plan  to  the  side  elevation,  intersecting 
corresponding  arcs  in  the  side  elevation.  Trace  the  irregular 
curve  shown  in  that  view  on  the  plate  through  these  points. 
Next,  project  the  front  elevation,  thus  completing  the 
problem. 

lOl,  Recapitulation. — The  problems  of  this  plate  have 
afforded  the  student  an  opportunity  for  careful  study. 
Owing  to  the  number  of  points  necessary  to  be  found  in 
each  figure,  the  problems  may  have  ^ad  the  appearance  of 
more  or  less  complication,  but  if  the  student,  as  previously 
cautioned,  will  carefully  locate  the  points  required,  one  at  a 
titney  not  hurrying  his  work  nor  trying  to  grasp  the  entire 
problem  at  once,  but  keeping  in  mind  the  different  principles 
in  the  order  presented,  and  by  referring,  if  necessary,  again 
and  again  to  the  primary  principles,  he  will  experience  no 
difficulty  in  making  the  drawings.  He  will  also  be  able  in- 
telligently to  project  any  view  of  any  object ;  in  other  words, 
he  will  be  able  to  make  any  working  drawing  whatever,  and, 
in  addition  to  this,  be  able  to  read  and  understand  any 
working  drawing  he  may  be  called  on  to  examine. 
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1,  I>eflnition  of  a  Development. — A  development  is 
a  drawing  in  which  a  full  view  of  all  the  surfaces  of  a  solid 
is  represented.  Whenever  a  development  is  to  be  drawn 
(except  in  the  case  of  solids  of  very  simple  form),  a  pro- 
jection drawing  must  first  be  made.  This  projection  should 
show  the  solid  in  a  right  position.  Since  the  location  of  the 
various  points  in  a  development  is  dependent  on  their  corre- 
sponding position  in  the  projection  drawing,  the  importance 
of  the  projection  and  the  necessity  for  accuracy  in  its  con- 
struction are  thus  clearly  seen.  If  a  solid  is  bounded  entirely 
by  pla7ie  surfaces,  its  development  can  be  accomplished  by 
merely  projecting  their  full  views,  as  already  explained  in 
Practical  Projection, 

A  solid  is  said  to  be  developed  when  all  surfaces  compo- 
sing it  are  represented  on  one  plane  and  in  such  relation  to 
one  another  that,  if  formed  or  bent  up,  they  will  constitute 
a  solid  similar  to  the  one  represented  by  the  projection  draw- 
ing from  which  the  development  was  made.  Such  a  rep- 
resentation is  called  a  development,  or  a  pattern,  the 
process  of  laying  out  the  pattern  being  termed  developing 
the  surfaces  of  the  solid. 

2.  Relation  of  tlie  Suirl3Ekees  in  a  Pattern. — When  it  is 
desired  to  produce  a  pattern  requiring  a  combination  of 
several  surfaces  that  are  adjacent  in  a  solid,  such  surfaces 
must  be  drawn  in  the  same  relation  to  one  another  in  the 
development.     The  surfaces  of  a  solid  when  thus  combined 

§16 
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in  a  pattern,  or  development,  bear  the  same  relation  to  one 
another  that  they  would  if  they  were  considered  as  being 
unfolded  or  unrolled — the  same  relation  that  a  paper  wrap- 
per would  bear  to  the  package  from  which  it  had  been  un- 
folded or  unrolled.  The  paper  wrapper  is  not  always  an 
apt  illustration,  as  the  metal  worker  seldom  requires  several 
thicknesses  of  his  material.  In  the  case  of  the  familiar 
**  square  pan,"  however,  the  ends  are  folded  on  one  another 
in  precisely  the  same  way  as  in  the  paper  wrapper. 

It  will  be  seen  from  the  foregoing  that,  were  all  solids 
bounded  by  flat,  or  plane,  surfaces,  the  subject  of  develop- 
ments would  present  no  new  problems;  it  would  be  neces- 
sary merely  to  study  the  relation  of  surfaces  to  one  another, 
project  their  full  views,  and  carefully  redraw  them  in  the 
pattern  in  the  same  relative  position. 

3.  Projection  Methods  Used. — It  has  been  shown  in 
Practical  Projection  that  a  single  surface  is  developed,  or,  as 
stated,  its  full  view  is  drawn,  by  a  modification  of  the  same 
methods  that  are  used  to  produce  the  different  views  of  that 
surface.  Many  of  the  operations  attendant  on  the  develop- 
ment of  solids  are  like  those  used  in  producing  full  views  of 
single  surfaces;  or,  if  not,  the  principles  involved  may  be 
traced  to  their  origin  in  other  methods  used  in  projection 
drawing. 

A  thorough  knowledge  of  projection  is  absolutely  neces- 
sary that  the  student  may  understand  the  operations  involved 
in  developing  the  surfaces  of  a  solid.  The  position  of  the 
several  points  located  in  a  drawing  and  their  corresponding 
location  in  an  imaginary  way  on  the  object  itself  must  be 
definitely  fixed  in  the  student's  mind.  Each  line  must  be 
determined  in  its  relation  to  the  other  lines  of  the  drawing 
and  its  ideal,  or  imaginary,  location  definitely  ascertained ; 
the  surfaces,  also,  must  be  treated  in  a  similar  way.  The 
student  must  picture  to  himself  the  completed  object  as  it 
will  appear  when  the  surfaces  laid  out  on  the  drawing  board 
in  the  development  are  formed  up  in  their  final  relation  to 
one  another.     This  imaginary  part  of  the  study  is  of  even 
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greater  importance  in  the  case  of  developments  than  in  pro- 
jection drawing.  As  the  student  has  already  had  some  drill 
in  this  part  of  the  work,  the  subject  he  is  now  studying 
should  be  found  less  difficult  than  would  otherwise  be  the 
case.  In  projection  drawing,  the  surfaces  of  the  solid  are  rep- 
resented as  being  in  their  proper  positipn;  in  the  develop- 
ment, the  same  surfaces  are  represented  as  being  developed 
or  spread  out  on  the  surface  of  the  drawing  board. 


GENERAL  CLASSIFICATION. 

4.  General  Classification  of  Solids.  —  An  accurate 
development  may  be  drawn  for  the  plane  surfaces  of  any 
solid,  or  for  surfaces  having,  when  related  to  a  given  line  on 
such  surface,  a  curvature  in  one  direction  only.  In  general, 
it  may  be  stated  that  any  solid  may  be  developed  on  whose 
surfaces  it  is  possible  to  lay  a  straightedge,  in  continuous 
contact,  in  any  one  direction.  To  use,  in  this  connection, 
the  illustration  of  the  cylinder,  it  will  be  seen  that,  if  the 
straightedge  is  resting  on  the  surface  parallel  to  the  axis  of 
the  cylinder,  it  will  remain  in  contact  at  all  points.  If,  on 
the  other  hand,  the  straightedge  is  resting  on  the  curved 
surface  and  is  not  parallel  to  the  axis  of  the  cylinder,  the 
surface  will  be  in  contact  at  a  single  point  only.  However, 
the  fact  that  it  is  possible  to  place  the  straightedge  in  con- 
tinuous contact  on  the  surface  allows  the  inference  that 
such  surface  is  capable  of  accurate  development. 

The  same  rule  applies  to  solids  of  irregular  form.  The 
methods  of  development,  however,  are  not  the  same  in  cer- 
tain variously  formed  solids,  as  will  be  explained  later. 
There  are  certain  forms  whose  surfaces,  owing  to  their 
curvature  in  several  directions,  are  not  capable  of  being  thus 
laid  out  on  a  flat  surface ;  i.e.,  not  capable  of  being  developed. 
On  the  surfaces  of  solids  of  this  class — the  sphere,  for  ex- 
ample— it  will  be  found  impossible  to  lay  the  straightedge  in 
contact  in  any  direction.  For,  if  placed  on  such  a  surface, 
there  will  be  but  one  point  of  contact — that  of  the  tangential 
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point.  Tangential  contact  indicates  that  development  can 
be  accomplished  only  in  an  approximate  way.  For  purposes 
of  development,  then,  it  is  convenient  to  sepairate  all  solids 
into  two  general  classes  according  to  the  result  obtained  in 
developing  their  surfaces.  These  two  classes  are:  solids 
whose  surfaces  admit  of  accurate  development  and  solids 
whose  surfaces  admit  only  of  approximate  developments. 
Approximate  developments  are,  however,  so  nearly  accurate 
for  the  purposes  of  the  sheet-metal  worker  that  the  kind  of 
solid  is  more  clearly  marked  by  the  method  of  developing  its 
surface  than  by  the  result  obtained  by  the  development. 
Therefore,  in  order  to  distinguish  the  kinds  of  solids,  both 
accurately  and  approximately  developed  solids  are  divided 
into  three  main  classes  according  to  the  method  used  in 
developing  their  surfaces.  These  classes  are  explained 
later. 

6.  Accurate  Developments. — Solids  whose  surfaces  are 
capable  of  accurate  development  are  of  frequent  occurrence 
in  the  sheet-metal-working  trades.  To  this  class  belong  all 
prismatic,  cylindrical,  and  conical  forms,  whether  of  regular 
or  irregular  geometrical  form.  It  includes  all  articles  or 
objects  whose  covering  may  be  formed  without  being  sub- 
mitted to  the  operations  known  to  trade  workers  as 
** raising"  or  **  bumping."  Any  solid  whose  surfaces  may 
be  unrolled  or  spread  out  on  a  flat  surface  without  **  buck- 
ling," may  be  accurately  developed.  Although  it  is  often 
necessary,  especially  when  working  metal  of  unusual  thick- 
ness, to  take  into  account  the  stretching  of  the  material 
when  producing  patterns  for  many  objects,  these  objects 
belong  to  accurately  developed  solids,  providing  that  the 
metal  does  not  have  to  be  **  raised  "  or  **  bumped  "  in  order 
to  form  the  object.  It  is,  therefore,  essential  that  the 
metal  worker  should  thoroughly  understand  the  nature  of 
the  material  and  be  well  informed  as  to  the  best  manner  in 
which  to  provide  for  all  laps  and  edges  used  in  the  construc- 
tion of  the  finished  article. 

It  is  the  purpose  of  Devdopinent  of  Surfaces  to  define  and 
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illustrate   theoretical  developments  and  the  means  used  by 
the  draftsman  in  their  production. 

6,  Approximate  Developments, — The  sphere  and 
other  solids  whose  surfaces  have  a  curvature  in  two  or 
more  directions  are  examples  of  objects  capable  of  only 
approximate  development.  The  test  by  the  straightedge  is 
(with  a  single  exception,  which  will  be  fully  explained  later) 
a  positive  indication  of  the  class  to  which  any  solid  may  be 
assigned.  Patterns  for  the  surfaces  of  objects  of  this  class 
may  be  approximated^  because  it  is  necessary  for  the  metal 
to  undergo  the  operations  of  **  raising,"  or  **  bumping," 
before  it  will  conform  to  the  exact  surface  represented  in 
the  drawing.  It  is  necessary  in  these  cases  to  make  allow- 
ance in  the  pattern  for  the  stretching  of  the  metal.  This 
part  of  the  subject,  as  it  does  not  belong  to  theoretical 
development,  is  not  treated  here,  but  is  taken  up  later  in 
the  Course. 


SOL.IDS  THAT  MAY  BE  ACCUBATEIiY  DEVEI^OPED. 

7.  There  are  three  distinct  methods  in  common  use,  by 
means  of  which  patterns  are  produced  for  solids  whose  sur- 
faces are  capable  of  accurate  development.  It  is  advisable, 
therefore,  to  separate  the  different  varieties  of  these  forms 
into  three  general  divisions,  in  order  that  their  development 
may  be  studied  in  a  systematic  manner.  This  classifica- 
tion may  be  made  by  studying  the  manner  in  which  the 
covering  of  these  solids — to  use  again  the  illustration  of  a 
wrapper — would  be  unrolled  or  spread  out  if  done  by  roll- 
ing the  solid  on  a  fiat  surface. 

8.  Solids  Developed  on  Parallel  liines. — A  convenient 
illustration  of  the  manner  in  which  the  surfaces  of  a  solid 
will  appear  when  unrolled  as  above  indicated  may  be  found 
in  the  following  example,  which  serves  at  the  same  time  to 
define  a  property  peculiar  to  solids  of  a  certain  form.  Let 
the  continuously  adjacent  surfaces  of  the  prism  shown  in 
Fig.   1    {a)   be   carefully   covered   with   thin    paper,    as   at 
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Fig.  1  (b).  Denote  each  of  the  four  surfaces  by  a  letter, 
diS  Ay  By  Cy  and  Z>,  and  further  designate  the  edges  of  the 
prism  by  the  letters  a  b^  c  d^  e  f,  and^//.  As  the  ends  of 
the  paper  covering  meet  at  the  edge  a  by  that  edge  of  the 


:a 


%. 


L 


(^) 


I 


Fig.  1. 


surface  D  may  be  denoted  by  the  letters  a'  b\  as  shown  in 
Fig.  1  (b).  Assume  now  that  the  prism  is  laid  on  the 
drawing  board,  the  surface  A  face  down,  and  the  paper 
covering  removed  by  turning  the  prism  over  and  over,  the 
paper  remaining  on  the  surface  of  the  drawing  board,  as 
shown  in  Fig.  2  {a)  and  {b). 

Two  important  principles  relating  to  developments  are 
demonstrated  in  these  illustrations.  Firsts  as  will  be  seen 
from  Fig.  2  (^),  the  edges  a  by  c  d^  e  fyg  hy  and  a'  b'  are  all 


PIO.  2. 

parallel  to  one  another.  This  is  true  both  in  the  develop- 
ment and  on  the  solid,  as  may  be  readily  seen  by  the 
student,  the  only  difference  being  that  on  the  solid  certain 
of  the  lines  are  in  different  planes,  while  in  the  development 
they  are  all  in  the  same  plane.  Secoudy  it  will  be  noted 
that,  since  the  letters  shown  in   Fig.   2  are  reversed,  the 
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outer  surface  of  the  paper  covering  in  Fig.  1  {b)  corresponds 
to  the  under  surface  in  Fig.  2  (^).  In  a  similar  manner,  it 
is  learned  from  the  second  principle  that  positions  indicated 


(a) 


Pig.  8. 


on  any  surface  of  a  solid,  as  shown  in  a  projection  drawing, 
are  reversed  when  shown  in  the  development  of  the  solid. 

The  same  treatment  of  the  cylinder  is  found  to  produce 
results  closely  resembling  those  shown  in  the  case  of  the 
prism.  The  cylinder  is  represented  in  Fig.  3  (a)  as  covered 
with  paper,  a  number  of  lines  being  ruled  on  the  covering 
parallel  to  its  axis,  as  shown  at  c  d,  e  f,  etc.  The  paper  is 
shown  unrolled  in  Fig.  3  (^),  and  it  will  be  observed  that 
not  only  the  outer  edges  a  b  and  a!  b'  are  parallel  to  each 
other,  but  that  all  other  lines  parallel  to  the  axis  of  the 
solid  appear  in  the  development  parallel  to  one  another  and 
to  the  edge  lines  a  b  and  a*  b'.  The  student  that  has  ever 
flattened  out  a  piece  of  straight  molding,  as  for  cornice 
work,  probably  noticed  a  number  of  straight  parallel  lines 
on  the  metal  where  it  had  been  bent  in  the  brake.  This  is 
an  illustration  similar  to  that  of  the  cylinder,  the  different 
members  of  the  molding  being  considered  as  the  various 
surfaces  of  an  irregular  solid. 

Such  illustrations  indicate  that  parallel  lines  bear  some 
relation  to  certain  forms,  and  it  will  be  shown  that  the  pat- 
terns for  these  forms  are  developed  by  a  method  whose 
principles  are  based  on  this  fact.  Many  solids  may  be  at 
once  recognized  as  belonging  to  this  division.  In  general, 
any  solid  whose  edges  are  parallel  may  be  located  here.  In 
the  case  of  solids  having  curved  surfaces,  it  may  be  stated 
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that,  if  it  is  possible  to  draw  a  series  of  parallel  lines  on 
such  surfaces,  the  development  of  the  solid  may  be  pro- 
duced by  the  same  methods  given  for  this  class.  The  first 
general  division,  therefore,  comprises  those  solids  whose 
surfaces  may  be  developed  on  parallel  lines. 

9,     Solids  Developed  on  Radial  Xiines. — When  the  test 
given  to  the  cube  and  the  cylinder  in  Figs.  1  to  3  is  applied 


Fig.  4. 

to  the  pyramid,  it  is  found  that  the  lines  indicated  on  the 
paper  converge  to  a  point,  as  shown  in  Fig.  4  {a)  and  (b). 
It  is  noticed,  also,  that  this  point  ^,  Fig.  4,  defines  the 
position  of  the  vertex  of  the  pyramid.  The  same  may  be 
said  of  the  cone,  illustrated  in  Fig.  5  {a)  and  {b).     If  lines 


Fig.  5. 
are  first  indicated  on  the  surface  of  the  cone  corresponding 
to  its  elements,  it  will  be  found,  when  the  covering  is  un- 
rolled, that  these  lines  also  converge  to  a  point,  as  in  the 
case  of  the  edges  of  the  pyramid. 

It  was  found  possible  to  institute  a  system  of  obtaining 
developments  based  on  parallel  lines  in  the  case"  of  the 
prism  and  cylinder;  in  a  similar  manner,  it  is  quite  evident 
in  this  case  that  a  system  dealing  with  radial  lines  should 
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produce  like  results.  Since,  in  projection  drawing,  the  ele- 
ments of  the  cone  are  known  to  be  useful  factors  in  deter- 
mining the  position  of  points  on  its  surface,  it  may  readily 
be  conceived  that  their  use  in  a  somewhat  similar  way  may 
be  adapted  to  developments.  This  is  found  to  be  the  case ; 
and  a  second  general  division  of  solids  is  thus  made,  con- 
sisting of  those  forms  whose  surfaces  may  be  developed  on 
radial  lines.  Included  in  this  division  are  all  regular  taper- 
ing solids  and  such  irregular  forms  as  are  derived  from 
regular  solids.  The  metal  trades  furnish  many  examples  of 
solids  belonging  to  this  division ;  in  fact,  the  writers  of  sev- 
eral works  on  patterncutting  confine  their  instruction  almost 
entirely  to  the  development  of  solids  of  this  character. 

lO,  Solids  Developed  by  Trlan^ulatlon. — There  are 
many  forms  of  irregular  surfaces  to  which  the  test  of  the 
straightedge  may  be  applied  and  the  conclusion  thereby 
reached  that  their  surfaces  admit  of  accurate  development. 
It  may  also  be  concluded  that  neither  of  the  two  former 
methods  is  applicable,  for  neither  parallel  lines  nor  a  series 
of  radial  lines  may  be  drawn  on  their  surfaces.  Many  of 
these  solids  are  not  of  such  a  shape  as  to  admit  of  their 
being  either  turned  or  rolled  on  a  plane  surface.  It  is 
found,  however,  that  on  every  such  surface,  series  of  two  or 
more  lines  each  may  be  drawn  in  certain  directions,  forming 
angles. 

On  such  irregular  surfaces  it  may  happen  that  no  two  of 
the  angles  thus  drawn  on  the  solid,  or  represented — either 
correctly  or  foreshortened — in  the  projection  drawing,  will 
lie  in  the  same  plane  or  be  equal  to  each  other.  Since  it  is 
possible  thus  to  project  these  angles,  evidently  they  may  be 
reproduced  on  the  flat  surface  of  the  drawing  paper  in  their 
correct  size.  If  this  can  be  done,  it  may  be  reasonably 
assumed  that  the  surfaces  thus  represented  will  be  the  same 
as  the  corresponding  surfaces  of  the  solid.  An  illustration 
of  this  principle,  as  pertaining  to  a  plane  surface,  was  given 
under  another  heading  in  Practical  Projection.  In  Geo- 
metrical Drawings  the  irregularly  outlined  figure  known  as 
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the  trapezium  was  divided  into  two  triangles  that  were  in 
turn  reproduced  by  a  method  precisely  similar  to  that  used 
in  developments  for  solids  of  this  division.  The  figure  in 
that  problem  was  a  plane  figure;  but  the  student,  having 
now  had  experience  in  representing  solids  in  projection 
drawing,  should  have  no  difficulty  in  understanding  that  it 
is  possible  to  find  a  method  applicable  to  the  development 
of  irregular  surfaces  by  means  of  a  series  of  triangles. 

In  Fig.  6,  an  irregular  solid  of  this  kind  is  shown.     It  is 

the   solid    whose  projection  was  drawn   in  Problem  19  of 

^^^1  Practical   Projection.       This    figure 

^\  illustrates    in    a    general    way    the 

X^B\^        method  used  in  arranging  the  trian- 

1  f^K  ^^^  ^^  ^^^  irregular  surface  of  such 

"/JO'l^  solids.    The  triangles  are  represented 

"IfiSL-^         in  the  figure  in  a  perspective  way, 

but  they  are,  of  course,  always  drawn 

KiG    6 

in  connection  with  the  usual  methods 
of  projection.  The  third  general  division,  therefore,  con- 
sists of  those  solids  whose  surfaces  are  developed  by  trian- 
gulation — that  is,  by  means  of  triangles. 

11.     IIow   the   Division   of  Solids  Is  Accomplished. 

It  is  not  to  be  understood  that  the  draftsman  actually 
applies  the  test  of  the  straightedge  in  reaching  a  conclusion 
as  to  whether  the  surfaces  of  a  solid  may  be  accurately. or 
approximately  developed.  Nor  does  he  roll  the  object  on 
the  drawing  board  in  order  to  determine  whether  the 
method  by  parallel  lines  or  one  of  the  other  methods  is  to 
be  used.  As  a  matter  of  fact,  he  seldom  has  a  model  to 
work  from,  and,  therefore,  could  not  apply  such  a  test  if  he  so 
desired.  But  as  he  studies  the  drawings  and  imagines  the 
position  of  the  surfaces  as  they  will  appear  in  the  com- 
pleted object,  he  is  enabled  to  apply  the  tests  as  effectually, 
in  an  imaginary  way,  as  though  the  tests  were  made  with  a 
straightedge.  In  the  same  imaginary  way,  also,  he  assigns 
the  solid  to  the  general  division  to  which  it  properly  belongs, 
and  thus  decides  as  to  the  method  he  will  use  in  the  devel- 
opment of  its  surfaces. 
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A  little  practice  will  enable  the  student  to  classify  the 
variously  formed  objects  in  this  way  and  to  select  the 
method  that  shall  be  applied  in  any  given  case.  A  very 
important  part  of  the  patterncutter's  acquirements  consists 
in  being  able  to  recognize  in  various  irregular  objects  those 
forms  that  may  be  only  a  portion  of  some  regular  solid. 
In  other  words,  the  student  must  learn  to  establish  in  his 
own  mind  the  connection  between  complete  and  perfectly 

formed  solids  and  those  objects 
in  which  only  a  portion  of  the  solid 
may  be  represented.  The  method 
of  development  is,  of  course,  the 
same  in  both  cases,  but  as  a  matter 
of  fact,  the  operations  are  us- 
ually more  complicated  in  cases 
where  the  incomplete  solid  de- 
mands the  patterncutter's  atten- 
tion. Especially  is  this  true  of 
conical  forms,  or  those  developed 


Fig.  8. 


Fio.  7. 

on   radial  lines.       Frequent  illustrations  of  this  principle 
may  be  found  in  commonly  occurring  objects.     The  flaring 
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pail  shown  in  Fig.  7  is  seen  to  be  a  part  (or  frustum)  of  a 
cone,  the  completed  cone  being  indicated  by  the  light  sha- 
ding in  the  illustration. 

The  same  is  true  of  the  sitz  bathtub  in  Fig.  8.  Here  it 
is  seen  that  the  portion  of  the  cone  represented  by  the  fin- 
ished article  is  an  irregular  section 
of  the  cone;  its  development  is,  how- 
ever, accomplished  by  the  same  meth- 
ods to  be  shown  for  regular  cones. 
Another  instance  is  found  in  the 
measure  shown  in  Fig.  9.  Here  are 
two  intersecting  cones  :  a  regular 
frustum  of  one  forms  the  body  of 
the  measure;  and  an  irregular  frus- 
tum of  the  other — an  inverted  cone — 
forms  the  lip  of  the  finished  article. 
All  the  articles  in  Figs.  7  to  9  are 
thus  shown  to  be  frustums  of  regu- 
lar cones,  although  varying  in  the 
regularity  of  their  bases.  In  certain 
cases,   as   in    the    **ovar*  pan  body 


Fig.  9.  Fig.  10. 

represented   by  the    heavily  shaded   band  in    Fig.    10,   the 
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surfaces  may  be  portions  of  the  surfaces  of  different  cones  or 
of  cones  differing  in  size.  The  bases  of  this  article  are 
elliptical  in  outline.  The  ellipses  are  drawn  by  circular 
arcs.  The  vertexes  of  the  different  cones  would  be  repre- 
sented in  a  plan  view  by  the  centers  from  which  the  differ- 
ent arcs  are  struck.  These  cones  are  partially  shown  in 
Fig.  10,  and  in  the  relation  required  by  the  portions  of 
their  surfaces  that  compose  the  sides  of  the  pan. 

It  is  essential,  therefore,  that  the  student  should  possess 
a  certain  familiarity  with  the  forms  of  the  regular  solids,  to 
assist  him  in  the  classification  of  the  objects  that  he  will  be 
called  on  to  develop.  It  is  with  this  end  in  view  that  a 
series  of  plates  is  to  be  drawn  by  the  student.  The  instruc- 
tion is  in  the  form  of  problems,  and  several  of  the  drawings 
of  Practical  Projection  are  reproduced  for  the  purpose  of 
showing  the  development  of  the  surfaces  of  the  solids  there 
represented.  The  student's  attention  will  first  be  directed 
to  a  consideration  of  those  solids  whose  development  may 
be  accomplished  by  means  of  parallel  lines. 


DEVEIiOPMElST^  BY  PARAI^IiEIi  lirNES. 

12,  Importance  of  Certain  Views.  —  It  has  already 
been  stated  that  the  making  of  a  working  drawing  is  the 
draftsman's  first  step  toward  obtaining  a  pattern  for  the 
surfaces  of  any  solid.  The  solid  in  question  should  be  shown 
in  this  drawing  in  such  a  position  that  measurements  may 
be  taken  of  its  surfaces  in  all  their  dimensions.  In  order  to 
accomplish  this,  several  views  may  have  to  be  drawn, 
although  a  right  plan  and  elevation  will  usually  be  sufficient. 
In  some  cases  there  may  be  given  to  the  mechanic  a  draw- 
ing in  which  the  object  is  so  shown  that  these  dimensions 
may  not  be  readily  obtained.  In  such  cases,  operations  in 
projection  are  required;  with  these  the  student  is  already 
familiar. 

For  purposes  of  development  it  is  important  that  the  view 
shown  should  be  that  one  in  which  the  lines  of  the  solid  are 
given  in  their  true  length,  or,  in  other  words,  a  right  view 
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of  the  solid.  In  addition  to  this  view  there  must  be  given 
that  view  also  in  which  the  surfaces  thus  partially  bounded 
by  these  parallel  lines  are  shown  as  on  edge.  In  some 
instances,  as  in  the  case  of  a  simple  solid  of  which  all  the 
dimensions  are  known,  the  latter  view  may  be  omitted;  it 
is,  however,  understood  as  being  drawn,  for  the  draftsman 
knows  all  of  its  dimensions.  Generally,  therefore,  before 
the  pattern  can  be  produced,  a  plan  and  an  elevation  show- 
ing the  solid  in  a  right  position  must  be  drawn. 

In  drawing  the  projections  in  Practical  Projection^  the 
right  views  have  first  been  drawn  and  inclined  views  have 
then  been  projected  from  them.  This  has  been  done  in 
order  to  familiarize  the  student  with  the  appearance  of  such 
drawings;  but,  in  every  case,  the  development  of  the  pat- 
tern is  to  be  projected  from  a  right  view.  It  is  possible  for 
the  draftsman  to  become  so  expert  by  practice  that,  in  cer- 
tain cases,  he  is  enabled  to  obtain,  from  foreshortened 
views,  patterns  for  some  surfaces.  The  beginner  should  not 
attempt  this,  however,  since  the  operations  involved  are 
confusing,  and  should  be  resorted  to  only  by  the  experienced 
patterncutter  that  thoroughly  understands  the  subject. 

13.  The  Stretchout. — As  stated  in  the  preceding  article, 
it  is  essential  that,  in  all  cases  where  the  development  of 
solids  may  be  accomplished  on  parallel  lines,  the  view  show- 
ing certain  surfaces  as  on  edge  should  either  be  given  or 
assumed.  From  such  a  view,  the  width  of  each  surface  may 
readily  be  ascertained.  The  total  width  of  all  these  sur- 
faces— the  distance  around  the  solid — is  called  the  ^rth  of 
the  solid.  In  case  the  solid  has  a  curved  surface,  its  girth  is 
found  by  spacing  with  the  dividers  the  outline  in  that  view. 
The  girth  of  the  cylinder,  for  example,  is  equal  to  the  length 
of  the  circumference  of  a  circle  that  represents  the  base  of 
the  cylinder. 

When  a  distance  corresponding  to  the  girth  of  any  solid 
is  represented  by  a  straight  line  on  a  flat  surface,  such  a  line 
is  called  a  stretchout  for  the  development,  or  pattern. 
This  line  is  then  marked  off  by  a  series  of  points,  the  points 
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representing  the  places  at  which  the  line  would  be  bent  if 
formed  up  to  correspond  with  the  outline  of  the  solid  repre- 
sented in  the  view  from  which  the  distances  were  taken. 
In  the  case  of  curved  surfaces,  a  number  of  points  are 
located  on  the  outline,  as  previously  indicated.  This  is 
usually  done  by  dividing  the  outline  into  a  number  of  equal 
spaces  in  the  same  manner  as  in  projection  drawing;  an 
equal  number  of  spaces  is  then  stepped  off  on  the  stretchout 
line,  whose  total  length  is,  in  all  cases,  equal  to  the  girth  of 
the  solid.  An  important  point  to  be  observed  is  that  the 
points  thus  located  on  the  stretchout  must  be  (although 
reversed)  in  a  position  on  the  line  corresponding  to  that 
relatively  occupied  on  the  solid. 

14,  Position  of  the  Development. — The  position  in 
which  the  stretchout  is  placed  on  the  drawing  determines 
the  position  of  the  development.  This  litie  is  always  drawn 
at  right  angles  to  the  parallel  lines  of  the  solid  and  from  a 
view  in  which  these  parallel  lines  are  shown  in  their  true 
length. 

In  making  a  projection,  then,  from  which  to  produce  the 
patterns  of  any  object,  it  is  important  that  a  sufficient 
space  be  left  on  the  drawing,  to  one  side  or  the  other  of  that 
view.  It  frequently  happens  that  this  cannot  be  done,  and, 
in  such  cases,  it  is  a  common  practice  to  lay  an  extra  piece 
of  paper  over  a  portion  of  the  drawing,  on  which  the  de- 
velopment may  be  produced.  When  the  latter  method  is 
adopted,  the  paper  on  which  the  development  is  made  may 
be  used  in  transferring  the  outline  of  the  pattern  to  the 
metal,  and  the  original  drawing  may  then  be  preserved  in 
perfect  condition. 

15.  Development  of  the  Cube. — For  the  purpose  of 
explaining  to  better  advantage  the  use  of  the  stretchout,  the 
development  of  the  cube  is  presented,  step  by  step,  in  Figs.  11 
to  14,  inclusive.  A  reproduction  of  this  development  should 
be  made  by  the  student  in  accordance  with  the  following 
instructions,  although  the  drawing  is  not  to  be  sent  to  the 
Schools  for  correction. 
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The  plan  and  the  elevation  shown  in  the  left-hand  portion 
of  the  figures  are  drawn  first.  The  development  could  be 
produced  from  either  view  in  this  case,  since  in  any  right 
view  the  dimensions  of  a  cube  are  equal.  For  the  purpose 
of  the  illustration,  the  development  is  drawn  from  the 
elevation.  At  right  angles  to  the  parallel  lines  in  the  eleva- 
tion, draw  a  line  as  M N^  Fig.  11.  On  this  line  locate  a 
point  at  any  convenient  distance,  as  at  iv.  This  point  may 
correspond  to  any  of  the  upright  lines  or  edges  of  the  solid 


M-^ ^  *! 5* «<y 

represented  by  A^  />',  C,  or  D  in  the  plan  of 
the  cube.  Since  it  is  necessary  to  begin 
from  one  of  these  edges  to  unfold  in  an 
imaginary  way  the  surfaces  of  the  cube,  the 
point  w  will  be  considered  as  representing 
a  position  on  the  edge  A,  The  surfaces 
Fig.  11.  are  to  be  represented  in  their  regular  order 

in  the  development,  that  is,  the  order  in  which  they  appear 
on  the  solid  itself;  first,  the  surface  represented  in  the  plan 
by  A  B^  then  B  C,  CD,  and  DA,  in  their  natural  order  as 
they  are  shown  in  the  projection  at  the  left  of  the  line  MN, 
The  dividers  may,  therefore,  be  set  at  a  distance  equal  to 
the  length  of  the  side  A  B,  and,  since  the  sides  of  the  cube 
are  equal  in  length,  the  distances  w  x,  xy,yz,  and  zw^ — 
corresponding,  respectively,  to  the  sides  represented  in  the 
plan  by  A  B,  B  C,  CD,  and  DA — ^are  to  be  spaced  off  on 
the  line  M  A\ 

16.  liayingr  OfT  the  Stretcliout. — That  portion  of  the 
line  i^iV  included  between  the  points  w  and  w'  is  called  the 
stretchout  of  the  cube.  A  stretchout  may  be  drawn  in  any 
position  on  the  drawing  board,  at  the  convenience  of  the 
draftsman,  but  it  is  invariably  at  right  angles  to  the  parallel 
lines  of  the  solid. 

Wherever  the  stretchout  occurs  in  the  drawings  of  this 


Digitized  by  VjOOQIC 


§10 


DEVELOPMENT  OF  SURFACES. 


17 


Course,  it  is  represented  by  a  heavy  line,  as  shown  in  Fig.  11. 
It  is  customary  to  draw  a  line  of  indefinite  length  quite  near 
the  view  of  the  solid  that  is  being  developed,  as  in  Fig.  11. 
When  the  stretchout  is  mentioned,  the  only  part  of  the  line 
referred  to  is  that  included  between  the  extreme  points  w 
and  w\  Fig.  11,  located  to  define  the  total  width  of  the  ad- 
jacent surfaces.  This  operation  is  called  laying  off^  or 
developing^  the  stretchout.  It  will  be  seen  that  if  a  string 
equal  in  length  to  ww'  should  be  stretched  around  the  cube 
in  a  horizontal  direction,  it  would  exactly  reach  the  entire 
distance,  and  the  ends  would  meet,  in  Fig.  11,  at  the  edge  A, 
The  next  step  is  to  erect  perpendiculars  to  the  stretch- 
out M  N  that  shall  pass  through  the  points  w^  x^  j,  etc. 
and  be  produced  on  both  sides  of  the  line.  This  is  done  by 
means  of  the  triangle,  in  connection  with  the  T  square,  as 
in  Fig.  12.  The  lines  thus  drawn  are  called  edge  lines^ 
since  they  represent,  in  the  development,  those  portions  of 
the  surfaces  that  would  form  the  edges  of  the  solid  if  the 


PIO.  18. 

pattern  were  to  be  cut  out  and  formed  up  to  the  shape 
indicated  by  the  projections.  Edge  lines  are  to  be  repre- 
sented in  these  drawings  by  dash-and-dot  lines,  as  shown 
in  Fig.  12,  similar  to  those  used  in  Practical  Projection  for 
projectors. 
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Next,  the  length  of  each  of  the  upright  edges  shown  in 
the  elevation  is  marked  off  on  its  corresponding  edge  line 


EUwman 
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PUm 


B    « 

in  the  development.  This  is  readily  done 
with  the  T  square,  and,  since  each  of  the  four 
edges  represented  in  the  elevation  is  of  the 
same  length,  the  T  square  may  be  brought 
even  with  the  horizontal  lines  in  that  view, 
from  each  across  the  development,  as 
The  lines  thus  drawn  are  called  devel- 


PlO.  13. 

and  a  line  drawn 
shown  in  Fig.  13. 
opers^  and  will  be  represented  in  these  drawings  by  broken 
lines,  as  shown  in  Fig.  13.  This  name  is  applied  to  them 
for  the  reason  that  the  length  of  the  edge  lines  is  deter- 
mined— developed — when  a  developer  is  drawn  from  each 
extremity  of  the  edge  shown  in  the  elevation  to  its  corre- 
sponding edge  line  in  the  development.  In  this  case,  the 
four  upright  edges  of  the  cube,  represented  by  the  two  ver- 
tical lines  in  the  elevation,  are  of  the  same  length,  and  their 
ends  are  in  the  same  horizontal  lines;  therefore,  the  two 
developers/^  and  rs,  drawn  from  the  elevation,  define  the 
upper  and  lower  boundaries  of  each  of  the  four  upright 
surfaces  of  the  cube. 

The  development  of  four  sides  of  the  cube  is  thus  accom- 
plished ;  and,  if  desirable,  the  other  two  sides  may  be  added 
to  any  one  of  the  four  that  have  been  developed.  Since 
the  method  of  obtaining  a  development,  as  it  is  now  called, 
or  a  full  view  of  any  side  or  surface  of  a  solid  is  already 
familiar  to  the  student,  no  further  explanation  will  be  given. 
In  sheet-metal  work  it  is  generally  preferable  to  make  the 
ends  (of  forms  similar  to  the  cube)  of  separate  pieces  of 
metal,  and,  on  account  of  the  waste  of  stock,  it  will  seldom 
be  found  desirable  to  combine  all  the  surfaces  of  a  solid  in  a 
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single  piece.  Should  such  a  case  arise,  however,  the  full 
view  would  be  projected  and  afterwards  copied  into  its 
proper  place  on  the  development. 

The  development  of  any  solid  of  this  class,  whose  bases 
are  parallel  and  at  right  angles  to  its  parallel  lines,  is  always 
a  parallelogram;  and,  as  in  the  development  of  the  cube  in 
Fig.  13,  this  is  divided  into  smaller  parallelograms,  each 
representing  a  surface  of  the  solid. 

17.  Plnlslilnfir  tlie  Dra^wlnar. — In  order  to  enable  the 
draftsman  to  distinguish  the  features  of  a  development  at  a 
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FIG.  14. 


glance,  it  is  customary  to  define  the  outer 
edges  of  such  a  drawing  by  means  of  full 
lines,  as  is  shown  in  Fig.  14.  The  outer 
edges  are  further  distinguished  by  small 
arrowheads,  while  the  other  edge  lines  of 
the  pattern  are  marked  near  each  extrem- 
circle  drawn  by  freehand  methods,  in  the 
thus  indicating  to  the  mechanic  that  the 
It  is  sometimes  desir- 


ity  by  a  small 
manner  shown, 

sheet  is  to  be  bent  along  this  line, 
able,  as  in  detail  developments  for  certain  classes  of  sheet- 
metal  work,  to  designate  the  stretchout  by  a  line  drawn 
with  a  blue  pencil,  thus  readily  attracting  the  draftsman's 
attention. 

The  sheet-metal  worker  seldom  resorts  to  the  drawing 
board  in  order  to  produce  a  development  of  a  simple  solid 
such  as  the  cube,  since  the  same  result  may  be  accomplished 
with  the  steel  square,  the  sizes  being  marked  out  directly 
on  the  metal.  The  development  of  the  cube,  however,  has 
been  shown  in  these  illustrations,  inasmuch  as  by  the  same 
principles  any  solid  of  this  class  may  be  developed.  It  may 
also  be  stated  that  the  draftsman  rarely  represents  developers 
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or  edge  lines  by  the  particular  lines  used  for  that  purpose 
in  this  Course.  These  distinguishing  lines  have  been 
adopted  here  solely  for  the  purpose  of  fixing  clearly  in  the 
student's  mind  the  principles  on  which  these  drawings  are 
made.  After  these  principles  have  been  mastered,  the  use 
of  such  lines  in  practical  work  may  be  discontinued,  and 
the  student  may  then,  by  the  use  of  light  pencil  lines  only, 
proceed  with  the  development  of  such  other  solids  as  he  may 
be  called  on  from  time  to  time  to  lay  out.  The  drawings  of 
this  Course,  if  inked  in,  should  be  completed  in  the  manner 
shown  in  the  illustrations. 


18.     Development   of   Intersected    Solids. — In    cases 
where  the  parallel  lines  of  a  solid  are  interrupted  by  the  in- 


tersection of  another  solid  or  by  a  cutting 
plane,  it  becomes  important  to  follow 
carefully  the  instructions  above  given ;  in 
such  cases  it  is  of  extreme  importance 
that  an  exact  development  should  be 
made  on  the  drawing  board.  For  exam- 
ples of  the  development  of  such  inter- 
sected solids,  we  will  refer  to  the  figures  illustrating  the 
cutting  planes  in  their  effect  on  the  cube,  which  figures 
have  become  familiar  to  the  student  from  their  use  in  Prac- 
tical Projection.  Fig.  15  is  a  reproduction  of  one  of  these 
projections,  showing  the  development  of  the  parallel  sur- 
faces. Here  it  will  be  seen  that  the  development  can  be 
produced  only  from  the  elevation,  since  the  cutting  plane 
has  altered  the  ^olid  in  such  a  manner  as  to  admit  of  par- 
allel lines  being  drawn  in  but  one  direction. 

The  stretchout  is  drawn  as  before,  and  the  width  of  the 
surfaces  spaced  off  in  the  usual  manner.     It  will  be  further 
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noticed  that,  since  the  edges  of  the  cube  are  unequal  in 
length,  it  becomes  more  important  to  observe  the  order  of 
the  surfaces  as  they  are  being  unrolled  from  the  solid. 
After  the  edge  lines  are  drawn  in  the  development,  the  de- 
velopers are  drawn  in  the  same  manner  as  in  Fig.  13,  but 
with  this  difference:  the  lower  ends  of  the  edge  lines  are 
defined  by  a  single  developer  as  before,  but  it  becomes  nec- 
essary to  draw  a  developer  from  the  upper  end  of  each 
edge  in  the  elevation  to  its  corresponding  edge  line  in  the 
development.  If  this  is  done  carefully,  it  will  be  seen, 
from  a  comparison  of  the  surfaces  in  the  development  with 
those  on  the  solid  in  the  elevation,  that  they  are  in  the 
same  relative  position  with  reference  to  one  another, 
although  reversed.  This  is  clearly  indicated  in  Fig.  15  by 
the  use  of  similar  capitals  and  small  letters  for  the  corre- 
sponding edges  and  edge  lines,  respectively,  in  the  projec- 
tion and  development.  Thus,  the  edge  line  a  a*  represents 
the  edge  A\  b  b'  represents  the  edge  B\  etc.  It  will  be 
noticed,  also,  that  those  parts  of  a  development  that  come 
together  and  form  edges  or  seams  are  indicated  by  the 
same  letters.  A  similar  principle  of  lettering  these  draw- 
ings will  be  continued  throughout  Development  of  Sur- 
faces, since,  when  once  understood  by  the  student,  he  can 
study  the  drawings  intelligently  and  with  less  reference  to 
the  descriptive  text. 

In  this  drawing  of  the  cube,  another  fact  is  presented 
that  demands  care  on  the  part  of  the  draftsman;  that  is, 
the  outer  edge  lines  in  the  development  must  be  of  the 
same  length.  It  may  seem  unnecessary  to  call  attention 
to  a  fact  so  obvious,  since  it  is  very  clear  that,  as  the 
outer  edge  lines  represent  the  same  edge  of  the  solid, 
they  fnust,  therefore,  be  of  the  same  length  in  the  develop- 
ment. It  is,  however,  a  cause  of  frequent  error,  and  is 
due  simply  to  carelessness  in  drawing  the  developer  to  the 
wrong  edge  line.  Great  care  must  be  exercised  in  this 
respect,  since  the  accuracy  of  a  development  depends  in  no 
small  degree  on  this  feature. 

A  development  similar  to  the   one  given  in   Fig.   15    is 
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shown  in  Fig.  16.    This  development  is  made  from  the  front 
elevation  of  the  figure  in  Practical  Projection  that  shows  how 


Fig.  16. 


a  plane  that  cuts  a  cube  is  represented. 
Fig.  15  shows  a  development  made  from 
the  side  elevation  of  the  same  figure.  An 
excellent  illustration  is  here  furnished  of 
the  importance  of  all  edges  of  a  solid  being 
defined  in  that  view  from  which  a  de- 
velopment is  made.  The  drawing  in 
Fig.  15  represents  the  cube  in  such  a  position  that  the  lengths 
of  all  its  parallel  edges  are  shown,  while  in  Fig.  IC,  the 
length  of  the  edge  B  is  seen  only  by  the  aid  of  the  dotted 
line.  In  drawings  of  this  class,  therefore,  all  edges  should 
be  indicated,  whether  on  the  side  nearest  the  observer  or 
not.  In  such  drawings,  however,  it  is  customary  to  repre- 
sent these  hidden  edges  by  dotted  lines,  in  order  to  avoid 
confusion. 

It  frequently  happens  that  the  cutting  plane  so  intersects 
the  surfaces  of  a  solid  as  to  produce  angles  at  points  other 
than  at  the  vertical  edges  of  the  solid.  An  example  of 
this  is  found  in  Fig.  17.  The  method  of  obtaining  the  de- 
velopment is,  in  the  main,  similar  to  that  used  in  the  pre- 
ceding cases.  From  the  plan  of  the  cube  in  Fig.  17,  how- 
ever, it  will  be  seen  that  points  are  indicated  on  the  lines 
B  C  and  CD  denoting  the  corners,  or  points,  at  the  extrem- 
ities of  the  line  KL,  The  distances  BK  and  DL  must, 
therefore,  be  indicated  on  the  stretchout  M N^  as  shown  at 
.T/feand  Iz,  the  points  in  each  case  being  located  from  bV 
and  dd/  toward  cc\  This  is  because  the  points  K  and  L 
approach  C  in  the  plan  in  their  distances  from  B  and  Z>, 
respectively;  according  to  the  foregoing  instruction,  it  is 
necessary  to  define  them  in  a  position  in  the  development 
corresponding  to  that  represented  on  the  solid. 
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Parallel  lines  must  be  produced  through  the  points  k  and  / 
in  the  same  manner  as  the  edge  lines  were  drawn.  In  a 
certain  way,  these  lines  serve  a  similar  purpose,  since  they 
are  the  termination  of  certain  developers;  but,  as  it  is  not 


necessary  to  bend  the  surfaces  of  the 
pattern  on  such  lines,  they  are  distin- 
guished from  the  regular  edge  lines  by 
the  term  interedge  lines.  Interedge  lines 
are  as  essential  in  determining  the  out- 
line of  a  development  as  the  edge  lines 
themselves,  and  are  to  be  distinguished  on  the  drawings  for 
this  Course  by  the  dash-and-double-dot  line.  A  comparison 
of  the  projections  with  the  development  in  Fig.  17,  made  by 
looking  for  similar  capitals  and  small  letters  in  the  figure, 
will  enable  the  student  to  see  clearly  the  manner  in  which 
the  additional  spaces  are  located  on  the  stretchout,  and  also 
how  this  development  is  produced  from  the  elevation. 

19.  Importance  of  Accuracy. — The  attention  of  the 
student  has  frequently  been  called  to  the  necessity  for  accu- 
racy in  his  drawings.  If  this  is  necessary  in  the  case  of 
projection  drawing,  it  is  doubly  important  in  the  case  of 
developments.  Too  much  stress  cannot  be  laid  on  this  very 
important  feature  of  the  patterncutter's  training.  Unless, 
his  drawings  are  accurate  they  are  of  no  value;  it  is,  there- 
fore, of  the  utmost  importance  that  the  patterns  for  any 
piece  of  sheet-metal  work  should  be  carefully  and  accurately 
described.  The  draftsman  may  thoroughly  understand  all 
the  principles  involved  in  projection  drawing  and  the  develop- 
ment of  surfaces;  but  if  the  work  on  the  drawing  board  has 
been  done  in  a  careless  manner,  the  pattern  is  as  liable  to  be 
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incorrect  as  though  it  had  been  **  guessed  at,"  or  **  cut  and 
trimmed." 

There  are  few  solids  whose  development  may  be  accom- 
plished by  the  aid  of  the  limited  number  of  lines  required  in 
the  case  of  the  cube.  The  same  principles,  however,  govern 
all  solids  of  this  class,  and  it  is  necessary  merely  to  be  careful 
and  observe  the  form  of  the  solid  as  it  is  shown  in  the  pro- 
jection drawing.  The  fact  that  the  drawing  contains  many 
lines  should  not  deter  the  student  from  recognizing  each 
surface  independently  of  the  others,  although  it  may  require 
more  care  on  his  part  to  select  the  correct  lines  in  each  case. 

30.  The  Imagrlnation  a  Great  Help. — The  student's 
imagination  will  be  found  to  be  his  best  assistant  in  this 
work,  and  by  the  aid  of  the  projections  he  should  picture  to 
himself  a  model  of  the  object  represented.  Further,  he  will 
find  it  a  valuable  help  in  being  able  to  imagine  the  surfaces 
as  they  would  appear  if  a  covering  of  the  solid  were  unrolled 
and  spread  out  on  the  drawing  board  for  the  development. 
In  this  way,  the  corresponding  surfaces  on  the  solid  and  in 
the  development  may  be  compared,  and  the  student  may  be 
able  to  detect  any  errors  that  might  otherwise  escape  him. 


GEXERAL  RUL.es  FOK  OBTAnOKG  PAR.\XL.EL. 
DEVELOPMENTS. 

31.  For  the  convenience  of  the  student,  and  to  aid  him 
in  the  production  of  developments  of  solids  by  means  of 
parallel  lines,  a  general  summary  of  the  important  features 
is  here  presented.  This  summary  contains  the  substance  of 
the  foregoing  instruction. 

1.  A  projection  must  first  be  drawn,  consisting  of  a  plan 
and  elevation,  showing  the  solid  in  a  right  position. 

2.  The  development  is  always  obtained  from  that  view  in 
which  the  parallel  lines  are  shown  in  their  true  lengths. 

3.  The  stretchout  is  drawn  at  right  angles  to  the  parallel 
lines  of  the  solid. 
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4.  To  indicate  the  width  and  relative  position  of  the  sur- 
faces, points  are  located  on  the  stretchout  corresponding  to 
the  place  of  those  points  in  a  view  that  represents  the  sur- 
faces on  edge. 

5.  Edge  lines  and  interedge  lines  are  always  drawn  at 
right  angles  to  the  stretchout. 

6.  Developers  are  drawn  from  each  edge  or  interedge" 
represented  in  the  projection  drawing  to  the  corresponding 
edge  line  or  interedge  line  in  the  development.    The  position 
of  points  located  on  these  lines  is  determined  in  a  similar 
manner. 

7.  Interedge  lines,  when  necessary  for  the  development, 
must  be  indicated  on  the  projection  as  well  as  on  the  develop- 
ment, and  the  same  care  exercised  with  the  corresponding 
developers  as  with  those  drawn  from  edges  to  edge  lines. 

8.  The  length  of  the  outer  edge  lines  in  a  complete 
development  must  be  defined  by  the  same  developers. 

These  instructions  should  be  carefully  observed  by  the 
student,  and  if  the  work  involved  in  the  accompanying  prob- 
lems is  done  in  accordance  with  the  principles  just  enumer- 
ated, no  difficulties  will  be  encountered  that  may  not  be 
readily  overcome  by  careful  study  and  a  comparison  of  the 
drawings  with  these  rules. 


DRAWING  PliATE,   TITI^E:  DEVEIX>PMENT8  I. 

23.  For  Development  of  Surfaces  the  student  is  required 
to  draw  five  plates,  which  are  the  same  size  as  those  drawn 
lor  Practical  Projection  and  in  accordance  with  the  same  gen- 
eral instructions.  The  titles  of  the  plates  are  given,  and  are  to 
be  placed  and  lettered  in  the  same  manner  as  heretofore.  The 
division  lines  between  the  problems  are  to  be  omitted,  and, 
in  their  place,  a  general  arrangement  is  to  be  followed  which 
resembles  the  reduced  copies  of  the  drawings  shown  on  the 
printed  plates.     The   problems   should  first   be  drawn   on 
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separate  paper  to  the  given  sizes.  The  developments  may 
then  be  drawn  in  such  positions  on  the  plates  as  to  present 
an  appearance  similar  to  that  of  the  reduced  copies. 

These  problems  consist  mainly  of  developments  of  solids 
whose  projection  occupied  the  attention  of  the  student  in  the 
study  of  Practical  Projection.  They  have  been  selected  for 
this  purpose  because  they  are  representative  solids  whose 
development  affords  an  illustrationof  the  principles  involved 
in  patterncutting.  The  student  that  desires  to  pursue  the 
study  at  greater  length  may  find  convenient  illustrations  in 
other  objects  of  frequent  occurrence.  Desirable  practice 
may  thus  be  obtained,  and  the  practical  application  of  the 
principles  outlined  will  serve  to  fix  them  more  definitely  in 
the  student's  mind.  No  insurmountable  difficulties  are 
likely  to  be  encountered  in  developments  thus  undertaken. 
Additional  work  of  this  kind  should  be  of  the  same  class  as 
the  developments  explained  in  the  text. 


PROBL.EM  1. 

23.     To  develop  the  surfaces  of  a  pentagfonal  prism. 

A  perspective  view  of  the  prism  is  presented  in  Fig.  18. 
The  drawing  is  to  be  made  on  the  plate 
to  the  size  indicated  by  the  dimension 
figures  there  given.  The  completed  de- 
velopment is  shown  at  Fig.  1  {a)  and  {b) 
on  the  plate.  First  draw  the  plan  in 
the  position  shown  and  then  the  eleva- 
tion, according  to  the  given  sizes.  Next, 
draw  the  stretchout  AT  A^,  spacing  off  on 
its  length,  as  previously  instructed,  the 
width  of  the  surfaces;  after  this  the 
edge  lines  are  drawn,  and  finally  the 
developers.  As  before,  indicate  the  edge 
lines,  and  finish  this  and  all  drawings  in  the  manner  de- 
scribed in  Arts.  16  to  18, 


Pig.  18. 
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PROBLEM  S. 

24.     To  develop  the  curved  surfliee  of  a  cylinder. 

Explanation. — No  perspective  figure  is  given  for  this 
problem,  the  cylinder  being  1^  inches  in  diameter  and 
H  inches  high.  Since  there  are  no  parallel  edges  presented 
on  the  curved  surface  of  the  cylinder,  it  is  necessary  to 
assume  them.  When  edges  are  thus  assumed  for  the 
curved  surface  of  any  solid,  the  corresponding  edge  lines 
in  the  development  are  represented  in  the  same  manner  as 
for  the  prism.  It  is  unnecessary,  however,  to  designate 
assumed  edge  lines  by  small  circles,  since  there  is  no 
angular  bending  on  such  lines  when  the  surface  is  formed 
to  the  shape  indicated  in  the  projections. 

When  it  becomes  necessary,  on  account  of  the  intersec- 
tion of  another  solid  or  plane  with  the  cylinder,  to  represent 
intermediate  lines,  they  are  then  treated  as  interedge  lines, 
the  same  as  for  the  prism.  Edge  lines  and  interedge  lines, 
therefore,  bear  the  same  relation  to  the  development  of 
curved  surfaces  as  to  plane  surfaces.  But  it  is  necessary  to 
exercise  more  care  in  the  development  of  curved  surfaces, 
since  these  lines  are  not  so  readily  distinguished  from  one 
another  as  in  the  case  of  prisms.  Indicators  may  be 
marked  on  the  outer  edge  lines;  but,  since  the  others  are 
assumed  merely  for  the  purposes  of  development,  the  small 
circular  indicators  are  omitted.  In  the  case  of  a  regular 
cylinder,  as  in  this  problem,  it  is  unnecessary  to  project  the 
edge  lines  to  the  elevation,  and  this  work  may  be  omitted 
in  the  construction  of  the  problem  on  the  plate. 

Construction. — Draw  first  the  plan  and  elevation  shown 
on  the  plate  at  Fig.  2  (^),  giving  the  figure  the  required 
dimensions.  Next,  divide  the  outline  in  the  plan  into  a 
convenient  number  of  equal  spaces  (in  this  case  16).  Draw 
the  stretchout  J/ iV  as  heretofore,  and  lay  off  on  this  line 
an  equal  number  of  spaces  similar  to  those  on  the  plan  of 
the  cylinder;  draw  the  edge  lines  as  shown,  and  complete 
the  development  by  drawing  the  two  necessary  developers 
from  the  elevation.  Then  finish  the  drawing  in  the  usual 
manner,  as  shown  at  Fig.  2  (d). 
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PROBLEM  8. 

25,  To  develop  tlie  surfaces  of  an  intersected  octag- 
onal prism. 

Fig.  19  is  a  perspective  view  of  the  prism  projected  in 
Practical  Projection  in  order  to  show  an  octagonal  prism 
cut  by  a  plane;  the  dimensions  of  the  figure,  however,  are 
slightly  changed,  as  may  be  seen  from  the  plate.  The 
drawing  of  the  projections  is  similar  to  that  in  the  problem 
referred  to,  and  may  be  completed  as  shown  on  the  plate 
at  Fig.  3  (a).  This  problem  requires  interedge  lines,  as  in 
the  case  of  the  cube  in  Fig.  17;  more  de- 
velopers, too,  are  needed  than  are  used 
for  preceding  problems.  Aside  from 
these  features,  the  drawing  does  not 
differ  materially  from  those  that  have 
preceded  it.  After  developing  the  stretch- 
out, as  in  previous  problems,  and  drawing 
the  edge  lines  and  interedge  lines  at  right 
angles  to  the  stretchout,  developers  are 
drawn  from  the  several  points  indicated 
in  the  elevation;  viz.,  F.\  D\  C\  etc.,  as 
shown.  Care  must  be  used  to  terminate 
each  developer  on  the  line  corresponding 
to  each  edge  or  interedge,  as  the  case 
may  be. 

After  this  development  is  completed,  the  student  may 
derive  some  assistance  by  cutting  out  a  paper  model 
according  to  the  lines  indicated  and  bending  it  to  conform  to 
the  octagonal  prism ;  he  should  then  understand  exactly 
what  is  implied  by  the  operations  that  have  been  explained. 


PIG.  19. 


PROBLEM  4. 

26.  To  develop  the  curved  surface  of  an  intersected 
cylinder. 

Fig.  20  is  a  perspective  drawing  of  the  intersected  cylinder 
required  for  this  development;  the  dimensions  in  Fig.  4  on 
the  plate  indicate  the  size  the  drawing  must  appear  thereon. 
This  problem  is  very  similar  to  Problem  2,  the  only  difference 
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being  that  it  i^  necessary  to  project  the  edge  lines  to  the 
elevation  in  order  to  obtain  the  points  of 
their  intersection  with  the  cutting  plane. 
From  these  points  developers  are  drawn 
to  their  corresponding  edge  lines  in  the 
development.  The  curve  traced  through 
points  of  intersection  in  that  portion  of 
the  drawing  is  the  upper  outline  of  the 
development.  This  drawing  being  fully 
shown  on  the  plate  at  Fig.  4  (a)  and  (^), 
the  student  should  have  no  difficulty  in 
completing  the  problem.  Since  the  cut_ 
ting  plane  in  this  problem  is  at  an  angle 
of  45°,  the  development  may  be  used  as  a  pattern  for  a  two- 
pieced  elbow.  More  attention  will  be  directed  to  the 
methods  of  obtaining  elbow  developments  in  a  later  part  of 
this  Course,  but  the  principles  are  the  same  as  are  shown  in 
this  problem.  


Pio.  ao. 


PROBI^EM  6. 

tlie   surfaces 


of   two   intersecting: 


27.     To   dcTelop 
cylinders. 

Explanation. — Fig.  21  is  a  perspective  view  of  intersect- 
ing cylinders.  Since  the  two  cylinders  are  of  the  same 
diameter,  their  axes  intersecting,  the  lines  of  intersection 
are  represented  on  the  drawing  by  straight  lines. 

Construction. — The  projections  shown  on  the  plate  at 
Fig.  5  (a),  are  first  completed,  and  an  end  view  of  the 
shorter  cylinder  projected  as  shown  at  {d). 
The  outline  of  each  cylinder  in  that  view 
in  which  it  is  represented  as  on  edge  is 
then  divided  into  a  similar  number  of 
equal  spaces  (16  in  Fig.  5).  The  points 
thus  located  for  the  purpose  of  represent- 
ing the  assumed  edges  are  then  projected 
from  each  view  to  the  elevation.  Stretch- 
outs AfjV  and  M'  N'  are  then  developed, 
Fio.  21.         and  edge  lines  are  drawn  perpendicular  to 
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the  stretchout  in  each  development.  Developers  may  now 
be  drawn  from  the  ends  of  all  assumed  edges  in  the  eleva- 
tion to  their  corresponding  edge  lines  in  the  developments. 
Note  that,  in  the  development  of  the  vertical  cylinder,  the 
outline  of  the  intersection  of  the  horizontal  cylinder  is  pro- 
jected to  any  set  of  edge  lines  desired,  the  position  of  the 
outline  of  the  opening  being  optional  with  the  draftsman. 

The  development  of  the  intersecting  cylinder  could  be 
drawn  from  either  the  plan  or  the  elevation  in  this  case, 
since  the  true  length  of  the  parallel  lines  of  that  solid  is 
shown  in  either  view;  for  the  sake  of  the  appearance  of  the 
drawing,  it  is  developed  from  the  elevation.  The  develop- 
ment of  the  intersected  solid  is  here  shown  to  be  a  parallelo- 
gram having  an  irregularly  curved  portion  outlined  in  the 
central  part  of  the  figure.  It  may  be  seen  that  the  plan  of 
the  cylinders  is  not  absolutely  necessary  for  this  develop- 
ment, since  the  edge  lines  from  each  circle  intersect  in  the 
same  points  on  the  line  of  intersection  of  the  two  cylinders. 
In  the  practical  work  of  such  developments,  therefore,  one 
of  the  full  views  may  hereafter  be  omitted. 

28,  Recapitulation.  —  These  five  problems  are  to  be 
copied  on  the  plate  in  the  relative  positions  indicated  on  the 
printed  copy.  Care  should  be  exercised  that  the  figures 
when  completed  occupy  central  positions  on  the  plate,  and 
an  equal  distance  should  be  left  on  all  sides  of  the  drawing. 
The  plate  will  then  present  a  neat  appearance,  and  the 
developments  may  be  easily  distinguished  from  one  another. 
When  finishing  these  drawings  on  the  plate,  the  various 
features  are  to  be  represented  as  follows: 

Represent  the  boundaries  of  figures  and  all  visible  parts 
of  solids  by  light  full  lines.         — : 

Hidden  edges  and  hidden  intersection  lines  should  be 
represented  by  light  dotted  lines.      

Projectors,  as  heretofore,  are  to  be  indicated  by  dot-and- 
dash  lines. 

Edge  lines  are  indicated  by  dot-and-dash  lines,  used  also 
for  projectors. 
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Interedge    lines    are    indicated    by   dash-and-double-dot 

Represent  developers  by  broken  lines. — 

Represent  the  stretchouts  by  heavy  full  lines.    


DRAWING  PIiATE,  TITIiE:    DEATEIX)PMENTS  II. 


develop 


PROBLJCM  6. 

the   surfaces  of  two  intersecting: 


29.    To 
prisms. 

The  prisms  developed  in  this  problem  are  the  octagonal 
,  and  quadrangular  solids  whose  projec- 

tion was  given  in  Practical  Projection 
in  order  to  show  views  of  intersecting 
prisms. 

Construction.  —  The  development 
of  Case  I  of  that  problem  is  shown  in 
Fig.  22.  Note  that  interedge  lines  are 
required  for  the  development  of  both 
solids,  their  positions  being  found  by 
projectors    drawn   from   the   different 


z 


fN 


4- 


views  of  the  drawing  to  the  full 
view   of   the    end,  as   shown    in 

— y: \^  y  Case  II  of  the  problem  referred 

to  is  developed  in  a  similar  man- 
ner. A  drawing  of  the  latter  will 
form  the  first  development  for  this  plate,  and  the  projections 
are  accordingly  reproduced  as  shown  at  Fig.  1  (a)  of  this 
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plate.  In  order  to  avoid  confusion  of  lines,  projectors  are 
sometimes  drawn  as  shown  on  this  plate;  that  is,  only  their 
starting  points  are  indicated,  as  between  the  two  views  of 
the  octagonal  prism  in  this  drawing.  Next,  develop  the 
stretchouts  for  the  two  solids,  as  at  J/ A'' and  M'  N\  and 
draw  edge  and  interedge  lines  through  their  respective 
points.  The  positions  of  the  interedge  lines  are  found  by 
projecting  the  point  A^  in  the  plan,  across  to  the  full  view, 
as  shown  at  {d),  afterwards  locating  the  points  x  and  y 
at  X*  andy  in  {d')\  thence,  they  are  projected  to  the  eleva- 
tion and  carried  to  the  development  in  the  usual  manner, 
the  resulting  figures  at  {b)  and  {c)  completing  the  develop- 
ment of  the  solids. 

The  development  of  Case  III  of  the  problem  in  Practical 
Projection  forms  the  second  part  of  this  problem.  These 
projections  are  reproduced  in  Fig.  2  on  the  plate  at  {a). 
In  this  case,  the  axes  of  the  solids  do  not  coincide,  and  the 
problem  has  an  appearance  of  greater  complication  than 
the  drawing  in  Fig.  1.  It  is  necessary  to  trace  out  the  line 
of  intersection  very  carefully,  and,  if  this  is  done,  the  draw- 
ing of  the  remainder  of  the  problem  will  be  comparatively 
easy.  The  interedge  lines  are  determined  in  the  same  man- 
ner and  are  shown  on  the  plate  by  similar  letters.  The 
method  of  procedure  is  precisely  the  same  as  already  ex- 
plained, the  resulting  developments  at  {b)  and  {c)  com- 
pleting the  problem. 

In  drawings  of  this  class,  the  student  will  perceive  that 
the  true  length  of  the  parallel  lines  is  found  by  projection 
drawing.  The  application  of  the  rules  found  under  the 
heading  **  General  Rules  for  Obtaining  Parallel  Develop- 
ments" is  then  sufficient  for  the  development  of  any  solid; 
and,  if  this  application  is  carefully  made,  the  student  will 
meet  with  no  obstacles  that  may  not  be  readily  overcome. 

30.  Development  of  Intricate  Solids. — In  the  process 
of  developing  intricately  formed  solids,  it  becomes  neces- 
sary to  exercise  diligence  and  caution  in  the  observance  of 
the  regular  order  of  unrolling  the  surfaces  on  the  stretchout, 
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and  carefully  to  draw  the  developers  to  their  correspon- 
ing  edge  lines  in  the  development.  Note  that  in  order 
to  obtain  the  outline  of  the  development  for  the  inter- 
secting solid  at  Fig.  2  (^),  a  separate  developer  is  required 
in  the  case  of  each  edge  or  interedge  of  the  solid. 


DRAWING  PIiATE,  TITIiE :  DEVEIiOPMENTS  III. 


PROBI^EM  7. 

31.    To  develop  cylinders  that  intersect  Irregrularly. 

This  problem  is  a  development  of  the  cylinders  projected 
in  Practical  Projection^  to  show  views  of  intersecting  cylinders 
of  unequal  diameters. 

Construction. — The  principles  are  the  same  as  those 
governing  previous  developments,  but  since  many  lines  are 
required  for  the  drawing,  the  student  should  carefully  fol- 
low the  directions  in  the  order  stated.  Draw,  first,  the 
projections  as  at  Fig.  1  {a)  of  this  plate,  and  carefully  in- 
dicate the  line  of  intersection  of  the  two  solids.  The  de- 
velopment of  the  smaller  cylinder  is  then  made.  Space  the 
outline  of  the  full  view  as  at  {b)  and  {b'),  using  16  spaces; 
number  these  points  in  a  corresponding  manner,  as  shown, 
and  project  them  to  their  adjacent  views.  Designate  the 
intersections  in  the  different  views  by  similar  numbers,  to 
avoid  confusion.  Develop  the  stretchout  MN  in  the  usual 
way;  draw  edge  lines  and,  afterwards,  developers,  as  shown 
on  the  plate.  The  development  at  (c)  is  thus  completed, 
the  irregular  outline  there  shown  being  the  pattern  for  the 
surface  of  the  smaller  cylinder.  This  part  of  the  work  may 
be  completed  without  reference  to  the  larger  cylinder.  In 
fact,  it  may  be  considered  as  a  separate  drawing,  and  the 
student  should  take  no  notice  of  any  other  lines  on  the 
drawing  except  those  pertaining  to  the  smaller  solid.  In 
this  way  he  will  accustom  himself  to  working  on  drawings 
that  overlap  one  another. 
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A  saving  of  the  draftsman's  time  is  often  effected  by 
thus  making  developments  over  other  portions  of  the  draw- 
ing, for  if  this  were  not  done,  a  separate  projection  would 
be  required  for  each  development.  The  large  number  of 
lines  on  the  drawing  is,  however,  apt  to  be  confusing  to  the 
beginner,  and  is  frequently  a  cause  of  error  when  the  draw- 
ing is  transferred  to  the  metal.  Unusual  care  must  there- 
fore be  taken  in  such  cases. 

The  development  of  the  smaller  cylinder  being  com- 
pleted, attention  is  directed  to  the  larger  solid.  It  is  evi- 
dent that  the  outline  of  the  development  of  the  larger 
cylinder  will  be  a  parallelogram  having  an  irregularly  out- 
lined portion  in  some  part  of  the  figure.  Reference  to  the 
plan  indicates  that  the  edges  assumed  for  the  smaller  cylin- 
der intersect  the  surface  of  the  larger  at  P,  10,  11,  12,  IS, 
H,  15,  16,  and  1,  the  total  distance  from  9  to  1  being  one- 
quarter  of  the  length  of  its  outline.  These  points  may  now 
be  assumed  as  the  edges  for  that  portion  of  the  surface  of 
the  larger  cylinder,  the  remainder  being  spaced  off  in  the 
usual  manner,  as  -^,  B,  C,  etc.  Any  convenient  point  on 
the  outline  may  be  taken  as  the  starting  place  for  the 
stretchout,  the  extreme  upper  point  of  the  plan  at  A  being 
selected  in  this  case.  Since  the  intersections  occur  only  on 
the  assumed  edges  that  are  indicated  by  the  numbered 
points,  the  drawing  of  the  edge  lines  in  the  development 
may  be  omitted  through  the  lettered  points,  the  outer  edge 
lines  alone  being  necessary  to  define  the  size  of  the  parallel- 
ogram. Developers  are  then  drawn  from  the  same  points 
of  intersection  in  the  elevation  used  for  the  development  of 
the  smaller  cylinder,  care  being  exercised  that  they  extend 
to  their  corresponding  edge  lines  in  the  development  of  the 
larger  cylinder,  as  shown  on  the  plate  at  Fig.  1  (^).* 


*  It  will  be  noted  during  the  drawing  of  this  development  that 
the  stretchouts  of  these  cylinders  are  measured  as  chord  distances. 
The  lengths  in  (//)  for  the  large  cylinder,  therefore,  will  be  slightly 
different  as  measured  from  «  to  i  when  comparison  is  made  with  the 
length  1  to  5,  and,  correspondingly,  from  A  to  //.  The  student  should 
understand  that  in  actual  shop  practice  these  chord  distances  are 
equally  spaced  in  all  quadrants  in  order  to  overcome  this  difficulty. 
The  difference  is,  however,  so  slight  in  this  drawing  that  no  allowance 
is  necessary.  , 
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PROBL.EM  8. 

32.  To  develop  an  octagonal  prism  and  an  inter- 
secting: cylinder. 

Explanation. — The  projections  given  in  Practical  Pro- 
jection to  show  views  of  a  prism  intersected  by  a  cylinder, 
are  redrawn  for  this  problem.  The  development  of  the 
cylinder  is  very  similar  to  that  of  the  smaller  cylinder  in 
the  preceding  problem,  as  shown  at  Fig.  2  (r).  Note  that 
the  edges  1  and  P,  assumed  on  the  surface  of  the  cylinder, 
coincide  with  the  edge  C  of  the  prism ;  this  simplifies  the 
development,  and  the  student  will  have  no  difficulty  in 
completing  the  work  at  (^),  it  being  similar  to  that  described 
in  the  preceding  problem. 

Construction. — Since  the  development  of  one-half  of  the 
prism  will  serve  to  illustrate  the  principles  of  this  problem, 
four  sides  only  need  be  laid  out  on  the  stretchout.  In  this 
case,  the  edge  lines  are  to  be  drawn  and  indicated  as  such, 
in  order  that  the  distinction  between  them  and  the  inter- 
edge  lines  may  be  clearly  marked,  in  accordance  with  the 
instructions  given  under  the  heading  **  Development  by 
Parallel  Lines."  After  developing  the  stretchout  as  shown 
at  (rf),  the  completion  of  the  development  is  made  in  the 
same  manner  as  heretofore. 


PROBLEM  9. 

33.  To  develop  the  surfaces  of  a  cylinder  inter- 
secting a  sphere. 

Explanation. — The  projections  of  the  sphere  intersected 
by  a  cylinder  that  were  drawn  for  Practical  Projection  are 
here  reproduced  at  Fig.  3  (a)  on  the  plate,  but  to  a  smaller 
scale.  This  problem  introduces  no  new  element  in  the  de- 
velopment of  solids  by  parallel  lines.  It  is  given  a  place  in 
this  instruction  merely  to  show  the  student  that,  while  the 
task  of  finding  the  line  of  intersection  of  parallel-lined  solids 
with  solids  of  other  classes  may  depend  on  various  principles 
of  projection  drawing,  their  development  after  this  line  has 
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been  produced  is  the  same  in  all  cases.  After  the  comple- 
tion of  the  projections,  the  outline  of  the  cylinder,  as  shown 
in  the  plan,  is  divided  into  spaces  by  locating  a  convenient 
number  of  points;  this  number  is  always  optional  with  the 
draftsman,  it  being  customary  to  take  as  many  as  are  re- 
quired for  accurate  development;  for,  of  course,  the  more 
points  there  are,  the  greater  will  be  the  accuracy. 

Construction. — In  this  case,  as  in  the  case  of  all  sym- 
metrical solids,  it  is  necessary  to  locate  points  on  but  one- 
half  of  the  outline,  since  their  projectors,  if  produced,  will 
fix  corresponding  points  on  the  remaining  portion  of  the 
outline.  The  assumed  edges  are  then  projected  to  the  ele- 
vation and  their  intersections  with  the  sphere  carried  by 
developers  to  the  development  at  (6),  A  similar  develop- 
ment may  be  completed  at  {d')  by  producing  the  edge  lines 
to  that  figure  and  drawing  developers  as  shown,  completing 
the  problem. 

The  stretchout  line  has  been  prominently  used  in  these 
problems.  In  many  cases  it  may  be  convenient  to  develop 
the  stretchout  on  one  of  the  lines  used  for  developers,  thus 
avoiding  an  additional  line  on  the  drawing.  Generally,  in 
sheet-metal  work,  it  will  be  found  preferable  to  give  the 
stretchout  line  the  same  prominence  as  in  these  problems, 
for  reasons  that  will  be  apparent  in  the  student's  later  work. 


DEVEIiOPMENT  BY  RADIAIj  IjINES. 
34,     Relation  of  the  Pyramid  to  the  Cone. — We  now 

come  to  the  second  general  division  of  those  solids  whose 
development  may  be  accurately  accomplished — that  is, 
solids  developed  on  radial  lines.  It  is  here  proposed  to 
show  the  relation  borne  by  the  pyramid  to  the  cone,  since 
the  methods  of  development  of  both  solids  are  similar.  In 
the  development  of  the  cylinder,  its  curved  outline  was 
divided  by  points  into  a  number  of  equal  parts.  These 
points  in  the  plan  were  then  projected  to  the  elevation  and 
there  considered  as  assumed   edges;    in  other  words,   the 
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cylinder  was  treated  as  a  many-sided  polygonal  solid,  this 
solid  appearing  inscribed  within  the  cylinder.  In  a  similar 
manner  we  shall  now  consider  the  pyramid  as  an  inscribed 


solid  in  its  relation  to  the  cone.     This  may  be  better  under- 
stood by  reference  to  Fig.  23  (a),  {b),  and  {c). 

The  removal  from  the  cone  at  {a)  of  the  pieces  marked  x^ 
leaves  a  solid  that  may  be  recognized  as  a  quadrangular 
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pyramid — better  shown  at  {b),  the  pieces  being  removed 
and  shown  in  an  adjacent  position.  The  illustration  at  (c) 
is  a  perspective  elevation  of  the  parts  shown  at  {a)  and  (^), 
and  is  introduced  for  the  purpose  of  showing  the  relation  be- 
tween the  cone  and  the  pyramid  to  better  advantage.  Com- 
paring these  two  solids  in  the  figure,  it  will  be  seen  that  the 
edges  of  the  pyramid  at  (i)  correspond  to  certain  elements 
of  the  cone  at  (a).  Further,  it  will  be  seen  that,  if  the 
cone  is  covered  with  paper,  as  in  Fig.  24,  and  the  position 
of  the  elements  noted,  the  paper  afterwards  being  unrolled 
as  shown,. the  elements  may  be  imagined  as  leaving  their 
imprint  on  the  paper,  as  at  oa^  od,  etc..  Fig.  24.  The  posi- 
tion of  these  imprints  will  correspond  relatively  to  the  loca- 
tion of  the  elements  on  the  surface  of  the  solid.     A  figure 


FlO.  24. 

similar  to  the  unrolled  covering  may  be  described  by  the 
aid  of  the  dividers,  the  boundaries  of  the  development  being 
defined  by  the  position  of  any  element  chosen  at  pleasure, 
notice  being  taken  of  the  first  and  last  contact  of  such  ele- 
ment with  the  drawing  during  a  single  revolution  of  the 
cone.  The  radius  of  the  arc  thus  described  is  always  equal 
to  the  true  length  of  an  element,  while  its  length  is  equal  to 
the  circumference  of  the  base  of  the  cone. 

Suppose,  now,  that  the  surface  of  the  pyramid  shown  at 
Fig.  23  {b)  is  covered  in  a  similar  manner,  the  covering  being 
afterwards  unrolled  as  shown  in  Fig.  25.  It  will  be  found 
that  an  arc  described  with  a  radiug  equal  to  that  used  for 
the  development  of  the  cone  in  Fig.  24 — that  is,  equal  to 
the  true  length   of    an    edge    of    the  pyramid— will    pass 
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through  the  points  a,  b,  c,  d,  and  a\  representing  the  lower 
extremities  of  the  upright  edges  of  the  pyramid.  These 
points  are  equally  distant  from  one  another  as  measured  on 
the  arc.  This  may  be  proved  by  setting  the  dividers  at  a 
distance  equal  to  the  length  of  a  base  edge  of  the  pyramid 


Fig.  86. 

and  stepping  off  the  spaces  on  the  arc.  The  only  differ- 
ence between  the  developments  for  these  two  solids  lies  in 
the  fact  that,  for  the  cone^  the  development  is  defined  by 
the  circular  arc,  while  in  the  case  of  th^  pyramid^  straight 
lines  are  drawn  between  the  points  a^  b^  c,  etc.,  as  shown  in 
Fig.  25.  These  developments  will  be  completed  in  a  later 
problem. 

35.  Stretcliouts  for  Radial  Solids. — Since  the  dis- 
tance around  the  bases  of  the  cone  and  the  pyramid  may 
be  measured  on  an  arc  whose  radius  is  equal  to  the  length 
of  one  of  the  elements  of  the  cone  (or,  in  the  case  of  the 
pyramid,  to  the  length  of  one  of  its  upright  edges),  such 
an  arc  may  be  described  for  the  stretchout  of  these  solids. 
The  measurement  around  the  solid  being  taken  on  a  partic- 
ular line,  or  base  plane,  it  may  here  be  observed  that  any 
real  or  assumed  base  plane  of  a  cone  or  pyramid  may  be 
treated  in  a  similar  manner.  The  length  of  the  radius  by 
which  the  stretchout  is  described  must,  in  all  cases,  be 
equal  to  the  true  length  of  the  elements  in  that  portion  of 
the  solid. 

This  is  illustrated  in  Fig.  26,  the  cone  O  A  B  being  devel- 
oped along  a  stretchout  described  with  the  radius  O  B.  An 
assumed  base  may  be  taken  at  C D\  an  arc  is  then  described 
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from  the  center  O  with  the  radius  O  D  (O  D  being  the  true 
length  of  the  elements  of  the  cone  O  CD).     If  the  width 

of  a  space  between  the 
elements  on  the  as- 
sumed base  CD  (meas- 
ured on  the  plan)  is 
taken  in  the  dividers 
and  spaced  off  on  the 
arc  D F^  the  spaces  will 
be  found  to  coincide 
with  the  intersection 
of  the  elements  in 
the  development  drawn 
from  the  arc  B  E.  The 
same  will  be  found  true 
for  any  right  base  that 
may  be  assumed  for  the 
cone.  As  a  matter  of 
precaution,  it  is  cus- 
tomary, when  drawing 
developments  of  the  ra- 
dial solids,  to  describe 
the  stretchout  with  as 
long  a  radius  as  possi- 
ble, usually  not  exceed- 
ing the  length  of  the 
elements  or  edges  shown  in  the  drawing.  For  reasons 
that  will  be  shown  during  the  construction  of  the  problems, 
it  is  convenient  to  locate  the  center  for  describing  the 
stretchout  at  the  vertex  of  the  solid. 


FIO.  96. 


36.  Revolution  of  Radial  Solids. — During  the  study 
of  projection  drawing,  it  was  learned  that  measurements 
for  all  distances  and  the  position  of  points  on  the  surfaces 
of^  cones  and  pyramids — radial  solids — are  determined  by 
means  of  their  radial  lines,  or  elements.  The  same  princi- 
ple must  be  adhered  to  when  developments  of  such  solids 
are  produced.     It  is  essential,  therefore,  that  these  lines 
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should  be  shown  in  their  true  lengths  on  drawings  from 
which  such  developments  are  produced.  This  will  necessi- 
tate much  work  on  the  part  of  the  draftsman,  especially  if 
the  surfaces  are  in  any  way  irregular  or  are  intersected  by 
other  solids.  To  overcome  the  necessity  for  drawing  a 
number  of  views,  advantage  is  taken  of  a  principle  that 
may  be  observed  during  the  revolution  of  the  solid.  This 
revolution  is  effected  in  a  very  simple  way  on  the  drawing 
board,  and  an  illustration  of  the  method  used  is  furnished 
in  Fig.  27.  The  student  will  understand,  from  an  inspec- 
tion of  that  figure,  that  if  the  cone  O  A  B  is  revolved  on 
its  axis  in  the  direction  of  the  arrow,  the  motion  of  any 
point  on  its  surface  will  be  indicated  on  the  elevation  by 
a  horizontal  line.  When  any  elements  of  the  cone  are  in 
the  positions  occupied  by  the  elements  OA  and  O  B,  their 
true  lengths  are  shown  on  the  elevation,  and  measurements 
may,  therefore,  be  taken  from  such  lines  or  from  any  points 
located  on  these  lines.  Lines  in  this 
position  may  be  called  tri4e  edge  lines^ 
their  use  under  this  name  being  pecu- 
liar to  the  radial  solids. 

When  developing  the  surfaces  of  pyra- 
mids shown  in  certain  positions,  it  is 
sometimes  necessary  to  draw  this  true 
edge  line  independently  of  the  figure. 
A  problem  illustrating  this  principle  is 
given  on  the  following  plate.  Since  the 
elements  of  a  cone  are  equal  in  length, 
the  position  of  any  point  that  may  be 
located  on  any  of  these  elements  (as  jt, 
located  on  the  element  O  C,  Fig.  27) 
may  be  projected  in  a  horizontal  direc- 
tion to  the  true  edge  line  at  x"^  and  its 
correct  distance  from  the  vertex  O  be 
there  ascertained.  The  point  x^  there- 
fore, could  be  projected  to  either  element  O  A  or  O  B^  but 
the  supposed  revolution  is  generally  represented  as  being 
made  toward  the  true  edge  line  that  is  nearest  the  point 
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whose  location  it  is  desired  to  determine,  although  in  Fig.  27 
the  point  x  is  moved  in  the  opposite  direction.  Thus,  in 
Fig.  27,  if  it  is  desired  to  determine  the  exact  distance  of 
the  point  x  from  the  vertex  (?,  the  horizontal  line  x x'  is 
drawn  in  the  elevation,  and  the  distance  from  the  point  O 
to  the  point  x'  is  then  the  exact,  or  true,  distance  between 
the  two  points.  The  same  result  would  be  obtained  if  an 
elevation  were  dra'wn  showing  the  element  O  C  \n  its  true 
length;  but,  as  seen  from  the  foregoing  explanation,  the 
method  here  explained  is  much  shorter  and  better  adapted 
to  the  wants  of  the  draftsman. 

37.  Use  of  Construction  lilnes. — In  the  development 
of  radial  solids,  the  same  construction  lines  are  used  as  in 
obtaining  the  developments  for  parallel  solids,  although  in  a 
slightly  different  manner.  Since  the  stretchout  line  has 
been  shown  in  its  adaptation  to  the  development  of  these 
solids,  it  may  be  represented  in  a  similar  manner  on  the 
drawings.  Developers  also  are  indicated  by  the  same  kind 
of  broken  lines  used  in  the  preceding  class,  but,  like  the 
stretchout,  they  are  described  in  the  form  of  arcs,  and  must 
be  produced  from  an  element  or  edge  that  is  shown  in  its 
true  length.  In  a  similar  manner,  these  developers  are 
drawn  to  the  development,  arcs  being  described  extending 
from  points  on  edges  or  interedges,  as  the  case  may  be,  to 
.  their  corresponding  edge  lines  or  interedge  lines  in  the 
development.  When  edge  lines  and  interedge  lines  occur, 
they  converge  to  a  point,  and  are  the  radial  lines  by  which 
this  class  of  solids  is  distinguished.  Such  edges  and  inter- 
edges are  represented  by  lines  similar  to  those  used  for  the 
same  purpose  in  parallel  developments,  and  refer  to  the  same 
corresponding  portions  of  the  solid. 


GEKERAI.  RULES  FOR  OBTATNTNTG   RADIAL.  DEVELOPMENTS. 

38.  A  slight  modification  of  the  rules  for  obtaining 
developments  on  parallel  lines  is  here  applied  to  the  develop- 
ment of  radial  solids.     In  connection  with  the  foregoing 
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instruction,  a  comparison  of  the  two  sets  of  rules  will 
enable  the  student  to  understand  the  principles  by  which 
these  developments  may  be  accomplished. 

1.  A  projection  must  first  be  drawn,  consisting  of  a  plan 
and  elevation  and  showing  the  solid  in  a  right  position. 

2.  The  development  is  always  obtained  from  that  view  in 
which  the  axis  of  the  solid  is  shown  in  its  true  length  (since 
the  revolution  of  the  solid  may  not  readily  be  shown  in  any 
other  view). 

3.  The  stretchout  is  described  with  a  radius  equal  to  the 
length  of  the  true  edge  of  the  solid.  Its  center  may  be 
conveniently  located  at  the  vertex. 

4.  To  indicate  the  width  and  relative  position  of  the  sur- 
faces, points  are  located  on  the  stretchout  corresponding  to 
the  position  of  those  points  on  the  outline  of  a  sectional  or 
base  view.  This  view  must  be  taken  at  right  angles  to  the 
axis  of  the  solid,  the  distance  from  the  vertex  being  de- 
termined by  the  length  of  the  true  edge  lines  in  the  elevation. 

5.  Edge  lines  and  interedge  lines  are  always  radii  of  the 
stretchout  arc. 

6.  Points  located  on  the  surface  of  the  solid  must  be  pro- 
jected to  the  true  edge  line  by  projectors  drawn  at  right 
angles  to  the  axis. 

7.  Developers  are  described  with  radii  equal  to  the  dis- 
tances on  a  true  edge  line  from  the  vertex  to  the  points  pro- 
jected to  such  edge  line.  Each  developer  extends  thence 
to  its  corresponding  edge  line  or  interedge  line  in  the 
development. 

8.  Interedge  lines,  when  necessary  for  the  development, 
must  be  indicated  on  the  projection  as  well  as  on  the  develop- 
ment. Points  located  on  such  lines  are  projected  to  the 
true  edge  lines  and  thence  developed  in  the  usual  manner. 

9.  The  lengths  of  the  outer  edge  lines  in  a  complete  de- 
velopment of  a  solid  must  be  defined  by  the  same  developers. 

The  application  of  these  rules  will  be  made  apparent  to 
the  student  in  the  construction  of  the  following  problems, 
which  involve  the  development  of  radial  solids. 
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DRAWING  PliATE,  TITIiE :     DEVEIiOPMENTS    IV. 


PROBLEM   lO. 

39,     To  develop  the  surfiace  of  a  cone. 

Construction.  — Draw  a  plan  and  an  elevation  of  the  cone, 
as  shown  at  Fig.  1  on  the  plate.  The  cone  is  there  shown 
in  a  right  position,  the  dimensions  being  1^  inches  in  diam- 
eter at  the  base  and  2  inches  high.  The  true  length  of  its 
axis  is  shown  in  the  elevation,  and  the  development  is  there- 
fore made  from  that  view.  Divide  the  outline  of  the  base  in 
the  plan  into  a  convenient  number  of  equal  parts  (in  this 
case  12) ;  from  the  vertex  O'  of  the  cone  as  a  center,  describe 
the  stretchout  arc  B'  a'  with  a  radius  equal  to  the  true  length 
of  the  elements  of  the  cone  (that  is,  the  distance  O'  B'  in 
the  elevation).  With  the  dividers,  take  the  length  of  one  of 
the  equal  spaces  in  the  plan,  and,  starting  at  a  convenient 
point  on  the  stretchout,  as  at  a^  step  off  spaces  equal  in 
number  to  those  on  the  plan,  thereby  making  the  length  of 
the  stretchout  equal  to  the  circumference  of  the  base  of  the 
cone.  From  each  of  the  points  thus  located  on  the  stretch- 
out, an  edge  line  may  be  drawn  to  the  vertex  O'  \  but  since 
there  are  no  points  on  the  surface  of  the  cone  that  it  is  desir- 
able to  locate  in  this  instance,  only  the  outer  edge  lines  a  O' 
and  a'  O'  need  be  inked  in  on  the  drawing.  These  lines  are 
to  be  further  indicated  by  means  of  the  small  arrowheads 
(as  in  the  case  of  parallel  solids)  illustrated  on  the  plate 
in  Fig.  1.     This  completes  the  development. 


PROBLlEM  11. 

40.  To  develop  the  surfaces  of  a  qiiadran^rular 
pyramid. 

Construction. — This  development  is  shown  on  the  plate 
at  Fig.  2,  the  right  plan  and  elevation  being  first  drawn 
according  to  the  dimensions  given  in  the  figure.  It  will 
be  seen  that  the  true  length  of  the  edge  is  shown  in  the 
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elevation ;  the  stretchout  may,  therefore,  be  described  as  in 
the  case  of  the  cone  in  the  preceding  problem.  After  set- 
ting the  dividers  to  the  width  of  one  of  the  base  edges  shown 
in  the  plan  at  A  B,  Fig.  2,  begin  at  a  and  step  off  on  the 
stretchout  line  spaces  equal  in  number  to  the  base  edges 
of  the  pyramid.  Thus,  points  are  located  at  a,  by  r,  d^  and  a\ 
Draw  lines  connecting  these  points  in  the  manner  shown, 
and  draw  other  lines  from  each  of  these  points  to  the 
vertex  O',  In  this  case  the  edge  lines  must  be  drawn  in 
the  development,  since  there  are  actual  edges  on  the  solid; 
besides,  it  is  necessary  to  define  those  portions  of  the  de- 
velopment as  indicated  on  the  plate.  Complete  the  drawing 
in  the  manner  shown,  the  outline  O'  a  b  c  d  a!  being  the 
development  of  the  pyramid. 


PBOBLEM  18. 

41.  To  develop  -the  surfaces  of  an  octagronal  pyra- 
mid. 

Explanation. — The  base  of  the  pyramid  whose  dimen- 
sions are  given  in  Fig.  3  on  the  plate  is  not  a  true  octagon, 
the  alternate  sides  only  being  equal.  It  will  be  seen, 
however,  that  the  octagon  may  be  circumscribed  by  a  circle; 
that  is,  a  circle  niay  be  described  in  the  plan  from  the 
center  O  with  a  radius  O  A^  whose  outline  will  pass  through 
all  the  points  A^  B^  C,  D^  etc. ;  therefore,  the  development 
of  the  solid  may  be  accomplished  by  this  method. 

Construction. — The  true  length  of  the  edge  lines  is  not 
shown  in  either  view  presented,  and  it  is  therefore  necessary 
to  draw  a  line  that  will  represent  the  true  edge  in  the 
elevation.  This  is  found  as  follows:  From  O  as  a  center, 
with  the  radius  O  H^  describe  the  arc  H  H\  intersecting  a 
line  O  H'  (drawn  parallel  to  the  base  line  of  the  front  ele- 
vation) at  H' ;  project  the  point  H'  to  the  base  line  of  the 
front  elevation  (extended)  at  //'*;  O'  H"  is  then  the  true 
length  of  an  edge  of  the  pyramid,  and  is,  at  the  same  time, 
the  length  of  the   stretchout   radius.     Next,  describe    the 
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stretchout  with  this  radius  from  the  vertex  O'  as  a  center; 
then  space  off  the  width  of  the  surfaces  shown  on  the  base 
in  the  plan,  as  at  a^  h,g,  /,  etc.,  and  complete  the  develop- 
ment as  directed  in  the  preceding  problem. 


PROBLEM  18. 

4!3,  To  develop  tlie  surfaces  of  an  Irregular  firus- 
tum  of  a  hexafiTonal  pyramid. 

Construction. — The  projections  shown  in  Fig.  4  on  the 
plate  are  first  drawn  in  accordance  with  the  dimensions 
there  given,  thus  producing  a  right  plan  and  elevation  of 
the  frustum.  In  this  and  all  similar  developments,  it  is 
desirable  to  extend  the  edges  of  the  pyramid  to  the  vertex 
of  the  solid.  Since  the  drawing  does  not  show  the  true 
length  of  the  edge,  this  must  first  be  found  by  the  method 
described  in  the  preceding  problem,  and  produced  as  shown 
in  the  elevation  at  O'a.  The  points  in  the  upper  portion  of 
the  solid,  at  B'C'D\  are  then  projected  to  the  true  edge  line 
at  5',  C,  and  D",  The  stretchout  is  next  described  from  O' 
as  a  center  with  a  radius  (9'^;  the  widths  of  the  surfaces 
are  then  laid  off  at  rt:,  by  r,  //,  etc.,  and  the  corresponding 
edge  lines  are  then  drawn.  Developers  are  now  described 
from  B\  Cy  and  D',  as  previously  directed,  the  intersec- 
tions with  their  corresponding  edge  lines  being  noted  at 
i'  a\  c'  f\  and  d'  e\  Complete  the  development  by  drawing 
its  full  outline  and  adding  the  indicators  in  the  manner 
shown. 


PROBLEM  14. 

43.     To  develop  an  irregrular  frustum  of  a  cone. 

Two  developments  are  required  for  this  problem,  one  of 
them  being  fully  described  and  the  other  to  be  drawn  by 
the  student  as  a  test  of  his  advancement. 

Construction. — The  projection  drawings  for  the  first 
development  are  shown  on  the  plate  at  Fig.  5,  that  portion 


Digitized  by  VjOOQIC 


§  16     DEVELOPMENT  OF  SURFACES.       47 

of  the  cone  representing  a  parabolic  section  being  presented 
for  development.  In  this,  as  in  the  preceding  case,  the 
completion  of  the  figure,  as  shown  by  the  broken  lines,  must 
first  be  made-.  Proceed  then  as  if  the  complete  cone  were 
to  be  developed;  that  is,  divide  the  outline  of  the  base  in 
the  plan  into  a  number  of  equal  spaces,  observing  that 
certain  of  the  points  fall  on  the  ends  of  the  parabolic  curve 
(as  at /^  and  i?  in  the  plan.  Fig.  5).  The  elements  of  the 
cone  are  then  produced  in  the  elevation,  their  intersections 
with  the  edge  of  the  frustum  at  b\  c\  d\  etc.  being  then 
projected  as  before  to  the  true  edge  line.  As  in  former 
problems,  the  stretchout  is  next  described  and  spaced  off, 
and  edge  lines  are  drawn.  Developers  may  now  be  de- 
scribed as  shown  on  the  plate,  and  the  development  com- 
pleted in  the  usual  manner.  The  irregular  curve  is  now 
traced  through  the  points  thus  determined.  The  projection 
drawings  for  the  second  development  of  this  problem  are 
shown  on  the  plate  at  Fig.  6,  and,  since  the  methods  used 
are  the  same  as  in  the  case  just  described,  the  development 
may  be  completed  by  the  student  without  further  instruc- 
tion. 


PROBLEM  16. 

44,    To  develop  tlie  surfaces  of  interseetlngr  cones. 

The  projections  for  this  problem  are  shown  on  the  plate 
at  Fig.  7.  They  should  first  be  carefully  drawn  by  the 
student,  the  line  of  intersection  being  accurately  determined 
by  the  method  for  finding  the  intersection  of  two  cones  that 
was  given  in  Practical  Projection.  After  this  line  has  been 
found,  all  construction  lines  used  in  the  projection  should 
be  erased  from  the  drawing;  if  this  is  not  done,  confusion 
is  liable  to  result. 

Construction. — The  development  of  these  surfaces  does 
not  differ  materially  from  those  in  the  preceding  problem, 
as  an  inspection  of  Fig.  7  will  indicate.  First  draw  the 
development  of  the  surface  of  the  smaller  cone ;  extend  the 
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edge  lines  in  the  elevation  to  the  vertex  0\  as  shown; 
extend  them  also  to  the  assumed  base  a  e  and  produce  the 
full  view  of  the  base  in  the  manner  indicated  by  the  broken 
lines  at  («),  using  only  one-half  of  the  circumference.  The 
semi-circumference  is  then  spaced  off  as  at  a,  b,  r,  d,  and  e\ 
d,  c,  and  rfare  then  projected  to  the  base  line  a  e\  and  the 
elements  b'  0\  c'  0\  and  d'  O'  are  drawn  as  shown.  The  in- 
tersections of  these  elements  with  the  line  of  intersection  of 
the  two  solids  are  then  projected  to  the  true  edge  of  the 
smaller  cone,  at  a\  b\  etc.  A  stretchout  for  this  solid  is  next 
described  from  the  vertex  O'  as  a  center  with  a  radius  O'  e\ 
the  points  a,  b,  c,  etc.  at  (*)  are  located  by  spacing  the  stretch- 
out; and  the  distances  a  b^  be,  etc.  are  taken  from  the  full 
view  at  (;/).  Next,  draw  the  edge  lines  a  0\  b  0\  c  0\  etc. 
at  {b)\  and  from  points  a\  b" ^  etc.  describe  developers  in 
the  manner  shown.  The  irregular  curve  at  (^)  is  then 
traced,  completing  the  development  for  this  solid. 

As  a  matter  of  convenience  in  this  case,  the  development 
of  the  larger  cone,  or,  rather,  as  much  of  its  surface  as  will 
show  the  opening  made  by  the  intersection  of  the  smaller 
cone,  may  be  drawn  to  the  right  of  the  projections,  as  at  (c). 
Now  draw  the  horizontal  center  line  in  the  plan  and  from 
the  center  of  the  plan  draw  a  line  tangent  to  the  line  of 
intersection  of  the  cones,  marking  the  point  where  this  line 
meets  the  base  U,  Divide  T-I^  into  a  convenient  number 
o£  parts  (in  this  case  3),  and  project  the  points  1\  2\  S\  J^  to 
the  elevation.  Draw  elements  from  O"  to  the  projected 
points  and  mark  the  points  where  these  elements  cross  the 
line  of  intersection  of  the  cones  i,  2,  3,  -4,  ^,  ^,  and  7.  The 
points  1\  ^\  3\  4'  in  the  plan  establish  the  width  of  the 
spaces  that  shall  be  stepped  off  on  the  stretchout.  Describe 
the  stretchout  from  the  center  O',  as  shown  at  {c),  and  on 
this  line  set  off  the  spaces  determined  in  the  plan  at  1\  2\  S\ 
and  4',  and  repeat  them  on  both  sides  of  the  edge  line  1  0\ 
as  indicated  at  (f).  Project  the  points  i,  ^,  S,  etc.  to  the 
right-hand  true  edge  line  of  the  elevation,  and  carry  them 
thence,  by  developers,  to  the  drawing  at  (^),  completing  the 
development  as  there  shown. 
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The  student  will  readily  perceive  that,  if  the  line  of  inter- 
section of  the  two  cones  is  not  correctly  drawn,  the  true 
development  cannot  be  produced,  since  the  drawing  depends 
entirely  on  the  line  thus  determined.  If  these  points  are 
incorrectly  located,  the  development  is  necessarily  wrong. 
The  importance  of  having  a  correct  projection  is  thus 
evident. 

45,  How  to  Recogrnlze  Radial  Forms.  —  Since  many 
objects  of  frequent  occurrence  in  the  trades  are  portions  of 
the  cone  or  pyramid,  the  student  should  familiarize  himself 
with  the  appearance  of  such  frustums.  Many  objects  repre- 
sent a  combination  of  the  surfaces  of  cones  of  unequal 
sizes,  and  at  first  sight  it  might  appear  that  their  develop- 
ment should  be  produced  only  by  triangulation.  But  an 
experience  in  the  projection  of  cones  and  conic  sections  will 
often  enable  the  student  to  r^fer  such  sections  to  the  appro- 
priate form,  in  many  cases  thereby  avoiding  a  tedious  proc- 
ess of  development. 

The  representation  of  the  elements  of  the  cone  in  both  plan 
and  elevation  will  determine  the  method  to  be  used  in  the 
development  of  a  given  solid.  In  a  certain  case,  a  number 
of  vertexes  may  be  defined ;  each  cone  is  then  to  be  traced  out 
carefully  and  the  development  of  its  surface  made,  or  as 
much  of  that  surface  as  is  required  for  the  object  in  view, 
the  operation  being  similar  to  that  of  the  preceding  prob- 
lems. This  subject  is  given  special  attention  in  a  later  part 
of  this  Course,  and  different  trade  articles  are  developed 
clearly  exemplifying  these  principles. 


TRIANGUIiATION. 
46.     Elementary      Principles.  —  Trlangrulation  —  the 

process  by  which  the  development  of  solids  belonging  to 
the  third  general  division  is  accomplished — is  generally  re- 
garded by  sheet-metal  workers  as  particularly  intricate  and 
difficult.  It  is,  on  the  contrary,  a  very  simple  method  of 
development,  and  should,  to  the  student  that  thoroughly 
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understands  the  principles  of  projection,  present  no  serious 
obstacles.  This  process  depends  for  its  results  on  two  gen- 
eral principles,  both  of  which  have  been  mentioned  in  this 
Course:  firsts  to  find  the  true  length  of  all  lines,  real  or 
assumed,  appearing  on  the  surfaces  of  the  solid;  second^  hav- 
ing determined  the  true  length  of  such  lines,  to  construct 
triangles  similar  in  form  and  relation  to  those  shown  on  the 
solid. 

Certainly,  the  construction  of  a  triangle  whose  three  sides 
are  given  is  not  a  difficult  problem;  and  the  task  of  finding, 
from  the  projection  drawing,  the  true  lengths  of  its  sides 
involves  nothing  but  the  elementary  principles  of  that 
study.  Having  found  the  true  lengths  of  the  sides  of  such 
triangles  as  are  involved  in  a  development,  nothing  appar- 
ently remains  but  to  show  the  method  of  arranging  the 
triangles  in  their  proper  relation  to  one  another  on  the 
different  surfaces  of  the  solids.  Since  this  is  naturally 
suggested  by  the  shape  of  the  solid  itself,  several  solids  are 
presented  in  the  accompanying  problems,  from  the  study  of 
which  the  student  should  learn  to  apply  the  principles  to  the 
development  of  any  solid  of  this  class. 

47.  Illustration  of  Methods  Used.  —  This  method  of 
development  has  been  previously  mentioned,  and  while  this 

principle  of  patterncutting  is 
usually  applied  to  solids  having 
curved  surfaces,  it  is  best  illus- 
trated by  its  application  to  a  solid 
having  plane  surfaces..  Such  a 
solid  is  shown  in  Fig.  28,  where  a 
^^®'  ^'  perspective  view  is  given  of  what 

may  be  termed  a  transition  piece — that  is,  a  piece  used  to 
connect  openings  of  different  sizes,  as  in  pipework.  Both 
bases  are  rectangular  and,  in  this  case,  parallel,  but  diago- 
nally arranged  in  their  relation  to  each  other,  as  may  be 
seen  from  the  figure. 

It  is  at  once  seen  that  none  of  the  methods  described 
under  the   headings  of  parallel-   or  radial-lined  solids  will 
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apply  to  the  development  of  the  lateral  surfaces  of  this  solid, 
although  it  is  possible  to  project  a  full  view  of  each  of  the 
surfaces  shown  in  the  figure.  Since  this  would  require  an 
unusual  amount  of  work  on  the  part  of  the  draftsman,  the 
following  process  admitting  of  more  rapid  application  is 
presented. 


48.  I>etenninlngr  the  Triangrles. — Clearly,  a  reproduc- 
tion of  these  triangular  surfaces  on  the  flat  surface  of  the 
drawing  board,  in  the  same  corresponding  relation  with  ref- 
erence to  one  another,  will  be  a  development  of  the  solid. 
Apparently,  the  only  difficulty  that  presents  itself  is  the 
fact  that,  in  certain  cases,  the  sides  of  the  triangles  are  not 
shown  in  their  true  lengths.  It  is  necessary  to  determine 
the  true  lengths  of  all  lines,  in  order  that  the  triangles  may 
be  constructed  of  the  same  size  as  they  are  on  the  surfaces 
of  the  solid. 

As  in  all  cases  where  a  development  is  desired,  a  right 
plan  and  elevation  must  first  be  drawn.  This  is  shown  in 
Fig.  29,  and  from  that  illustra- 
tion it  is  seen  that  all  lines  of 
the  solid  that  appear  on  either 
base  are  shown  in  their  true 
lengths.  It  is  therefore  neces- 
sary, before  the  triangles  may 
be  produced,  to  determine  the 
true  lengths  of  the  remaining 
lines  of  the  solid.  As  mentioned 
in  Practical  Projection^  this  is 
most  readily  accomplished  by 
constructing,  in  each  case,  a 
right-angled  triangle  whose  base 
is  equal  to  the  length  of  any 
foreshortened  line  in  the  plan, 
and  its  altitude  to  the  vertical  ^'®-  ® 

height  of  the  same  line,  as  shown  in  the  elevation.  The 
hypotenuse  of  such  a  triangle  will  then  be  equal  to  the  true 
length  of  the  line.   In  this  case,  the  lines  AH^DH.AE^BE, 
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etc.,  foreshortened  in  the  plan,  are  all  represented  by  lines 
of  the  same  length.  The  vertical  height  /I/,  Fig.  29,  is  the 
same  in  the  case  of  each  line. 

A  single  triangle  constructed  by  the  above  method,  there- 
fore, will  be  sufficient  to  indicate  the  true  length  of  all  lines 
not  shown  in  their  true  length  in  Fig.  29. 
Such  a  triangle  is  constructed  in  Fig.  30;  the 
base  of  the  triangle  A  //,  Fig.  30,  is  equal  to 
the  length  of  A  H,  Fig.  29,  the  altitude  M 
being  the  same  as  J/,  Fig.  29.  The  hypot- 
enuse of  this  triangle  is  therefore  the  true 
lengths  of  the  lines  A  H^D  H,  etc.  as  shown 
in  Fig.  29.  The  true  lengths  of  all  lines  bordering  the  tri- 
angular surfaces  of  the  solid  shown  in  Fig.  29  having  been 
found,  the  triangles  may  now  be  constructed  on  the  drawing, 
care  being  observed  that  the  adjacent  triangles  are  completed 
in  the  same  order  as  they  are  shown  on  the  solid.     Any  edge 


Pig.  ao 


Pio.  81. 

of  the  solid  may  be  assumed  as  a  starting  place  for  the 
operation ;  the  true  length  of  such  an  edge  is  then  laid  off 
on  a  line  as  at  A  E,  Fig.  31.  The  triangle  A  EB,  Fig.  31, 
is  first  constructed;  the  length  of  the  side /^  ^  being  laid 
off,  and  BE,  Fig.  29,  being  of  the  same  length,  an  arc  may 
be  described  in  Fig.  31  from  ^  as  a  center,  with  a  radius 
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equal  to  £A.  Intersect  this  arc  at  B^  Fig.  31,  with  one 
described  from  A  as  a  center,  with  a  radius  equal  to  A  B, 
Fig.  29.  Draw  AB  and  £  B^  thus  developing  the  trian- 
gle A  E  By  Fig.  31,  which  is  the  correct  development  of  the 
surface  A  EB,  Fig.  29. 

The  adjacent  triangle  EB  F^  Fig.  31,  may  next  be  con- 
structed. Since  B  Fis  equal  to  B  E,  Fig.  29,  an  arc  may  be 
described  in  Fig.  31  from  i?  as  a  center,  with  a  radius  BE; 
this  arc  is  then  intersected  by  an  arc  described  from  ^  as  a 
center,  with  a  radius  equal  to  the  length  ot  E  F^  Fig.  29, 
thus  developing  the  triangle  EBF,  Fig.  31,  which  corre- 
sponds to  the  surface  E B  F,  Fig.  29.  In  like  manner,  each 
surface  of  the  solid  is  developed,  due  care  being  observed 
that  adjacent  triangles  are  placed  in  corresponding  positions 
in  the  development. 

49.  Completion  of  the  Dra^vlngr. — The  completion  of 
the  drawing  is  made  in  a  manner  somewhat  similar  to  par- 
allel and  radial  developments;  that  is,  the  edge  lines  may  be 
indicated  as  in  those  methods,  the  outer  edges  being  denoted 
by  full  lines  and  those  lines  on  which  bends  are  to  be  made 
when  the  flat  surfaces  are  formed  up  being  designated  by 
the  customary  indicator  circles.  It  will  thus  be  seen  that 
no  new  principles  are  required  to  produce  developments  by 
this  method.  A  careful  observance  of  the  different  portions 
of  the  drawing  is  required,  since  an  object  as  simple  as  that 
shown  in  Fig.  29  is  seldom  met  in  practice.  The  same 
methods  are  used,  however,  and  should  be  readily  understood 
by  the  student  and  applied  to  the  drawing  in  the  same 
manner  as  has  been  shown. 


DRAWING  PLATE,  TITLE  s     DEVEIiOP]VIENTS  T. 

50.  Several  problems  relating  to  the  development  of 
solids  by  triangulation  are  given  on  this  plate.  The  same 
principles  that  were  shown  in  connection  with  the  develop- 
ment of  the  transition  piece  in  Figs.  28  to  31  are  used  in 
these  drawings;  but,  owing  to  the  different  shapes  assumed 
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by  the   solid  selected  for  each   problem,  slightly  different 
constructions  are  given  in  each  case. 

Particular  attention  should  be  paid  to  the  manner  in 
which  the  triangles  are  located  on  the  irregular  surfaces,  care 
being  exercised  that  similar  points  in  each  view  shall  be 
taken  as  a  basis  for  finding  the  true  length  of  each  line. 


PROBLEM   16. 

51.  To  develop  the  surface  of  an  irregular  solid 
havingf  parallel  bases. 

The  solid  shown  in  perspective  in  Fig.  32  is  the  same  as 
that  used  in  Practical  Projection  for  the  projections  of  views 
of  an  irregularly  formed  solid  and  a  sectional  view  from  a 
given  cutting  plane. 

Construction. — The  first  step  is  to  draw  a  right  plan  and 
elevation,  as  shown  at  Fig.  1  (a)  on  the  plate.  Draw  the 
horizontal  diameter  ant  through  the  plan,  thus  dividing  the 
solid  into  symmetrical  halves.  It  will  now  be  seen  that,  if  a 
development  is  made  of  the  upper  portion  of  the  solid,  as 
seen  in  the  plan,  a  duplication  of  the  resulting  figure  will  be 
the  complete  development.  In  order  to  locate  the  sides  of 
the  triangles  that  are  to  be  assumed  on  the  surface  of  the 
solid,  the  outline  of  the  bases  is  divided  into  the  same  number 
of  equal  parts  (in  this  case  6),  as  at  ^,  c^  c^  etc.  on  the  lower 
base  and  b^  d^  f,  etc.  on  the  upper  base. 

Draw,  in  succession,  lines  alternately  from  the  points  on 
the  upper  and  lower  bases;    ab  being  on  the  line  of   the 

diameter,  draw  bc^  c  d,  de^  etc. 
Project  these  points  and  lines  to 
the  elevation,  and  represent  them 
by  dot-and-dash  lines,  as  used  in 
preceding  developments  to  desig- 
nate edge  lines.  The  surface  of 
the  solid  is  thus  divided  into  a  num- 
^'°'  ^"  ber  of  triangles  that  may  be  better 

understood  by  the  student  from  an  inspection  of  Fig.  32. 
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This  is  a  perspective  view  of  the  solid,  showing  in  the  full 
lines  the  triangles  that  have  been  assumed  on  its  surface. 
The  lengths  of  the  sides  bd,  df,  ac,  c  e^  etc.  may  be  taken 
as  chord  distances  directly  from  the  plan,  since  they  are 
there  shown  in  their  full  length.  A  construction  of  right- 
angled  triangles  is  necessary,  however,  in  order  to  find  the 
true  lengths  of  the  lines  bc^cd^  de,  etc.,  Fig.  1  of  the  plate; 
and,  in  order  to  construct  them,  the  base  line  a*  m'  of  the 
solid  in  the  elevation,  Fig.  1,  is  extended  indefinitely  toward 
the  right  of  the  drawing  to  fn\  as  shown  at  {b). 

At  a  convenient  distance  from  the  elevation,  locate  a 
point  on  this  line,  as  at  b'  in  Fig.  1  {b)  on  the  plate.  Take 
the  distance  bc^  as  shown  in  the  plan,  and  set  it  off  with  the 
dividers,  as  at  ^V;  in  like  manner,  make  c'  d'  equal  to  c d^ 
as  shown  on  the  plan,  and  proceed  to  copy  all  the  distances 
there  shown  until  the  point  7n'  is  reached.  It  will  be  seen 
from  an  examination  of  the  projections  that  the  lines  a'  b 
and  m'  n  are  shown  in  their  true  length  in  the  elevation, 
and  a  triangle  is,  therefore,  not  required  for  those  lines. 

Since  the  bases  of  the  solid  are  parallel,  the  vertical 
height  of  the  triangles  at  {b\  is  the  same  in  all  cases,  and 
may  be  projected  from  the  elevation  as  shown  on  the  plate. 
The  true  lengths  of  all  lines  now  being  determined,  the  tri-. 
angles  may  be  constructed  as  shown  at  Fig.  1  {c).  Draw 
the  line  a  b^  making  it  equal  in  length  to  the  corresponding 
line  in  the  elevation — that  is,  a'  b\  next,  describe  an  arc 
from  ^  as  a  center,  with  a  radius  ac,  taken  from  the  plan  at 
{a) ;  intersect  this  arc  by  an  arc  described  from  ^  as  a  cen- 
ter, with  a  radius  equal  to  the  length  of  the  hypotenuse  of 
the  triangle  whose  base  is  b'  c'  in  (b).  This  completes  the 
triangle  a ^r  at  Fig.  1  (c).  The  triangle  bed  is  next  con- 
structed in  a  similar  manner,  and  the  completion  of  the  de- 
velopment is  accomplished  by  a  continuation  of  the  methods 
described.  Small  arrows  are  introduced  in  Fig.  1  (f)  to 
indicate  the  location  of  the  centers  of  the  corresponding 
arcs.  Thus,  the  arrowhead  on  the  line  be  is  pointed  toward  b, 
and  indicates  that  the  center  of  the  arc,  by  means  of  which 
the  point  e  is  determined,  is  located  at  ^;  ^  in  like  manner 
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is  similarly  shown  to  be  the  center  of  the  arc  described 
through  d.  Since  there  are  no  edges  to  be  bent  angularly 
when  the  surface  is  formed  to  the  shape  shown  in  the  plan 
and  elevation,  the  circular  indicators  are  omitted;  but 
arrowheads  indicating  the  boundary  edges  of  the  develop- 
ment may  be  added  as  heretofore,  completing  the  problem. 


PROBLEM   17. 

53.  To  develop  the  surface  of  an  irregular  solid  hav- 
ing: inclined  bases. 

A  perspective  view  of  this  solid  is  shown  in  Fig.  33;  it  is 

a  modification  of  the  solid  used  for  the  preceding  problem, 

jggm^^  ^^^^  may  be  drawn  as  shown  on  the 

MT^  ^N.  plate  at  Fig.  2  {a).     The  outline  of 

M  \v  \  the  lower  base  is  drawn  as  in  Fig.  1, 

Mm  ^^I^^L       ^^^  ^^^  center  of  the  semicircle  at  o 

JmL ^^8^^L     ^^  ^^^^  ^^  center  of  the  circle  that 

^P  ->^i^P    represents  the  inclined  upper  base, 

^ -^'E^^^     the  angle  of  inclination  being  45°. 

^'°-  ^-  Construction. — Draw  a  line  (not 

shown  on  the  plate)  vertically  upwards  from  o,  and  fix  the 
point  h  \\  inches  above  the  lower  base  of  the  solid.  Through 
this  point  draw  the  line  bn  at  the  given  angle;  and  at  right 
angles  to  ^;/ describe  the  circle  representing  the  full  view 
of  the  upper  base,  as  shown.  Next,  locate  the  points  shown 
on  the  semicircle  and,  by  means  of  the  temporary  full  view 
shown  at  b'  h'  n\  project  the  inclined  view  of  the  upper  base 
in  the  plan.  These  points  are  then  used,  as  in  the  prece- 
ding problem,  for  the  purpose  of  defining  the  triangles. 
Divide  the  lower  base  of  the  solid,  as  shown  in  the  plan, 
into  an  equal  number  of  parts,  and  draw  lines  representing 
the  sides  of  the  triangles,  as  in  Fig.  1,  producing  them  in 
the  plan  and  elevation,  «is  bc^  c d,  de^  etc.,  Fig.  2  (a). 

The  manner  of  determining  the  true  lengths  of  the  lines  bc^ 
cd,  d i\  etc.  i§  slightly  different  from  that  used  in  the  pre- 
ceding problem,  since  the  vertical  distances  are  not  the  same 
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in  all  cases.  Produce  the  lower  base  a  in  to  the  left,  as 
shown  at  (^)  on  the  plate,  and  on  this  line  set  off  the  lengths 
of  the  lines  bc^  c d^  de,  etc.  as  they  appear  in  the  plan  at 
Fig.  2  (a).  The  vertical  heights  are  then  projected  from 
the  elevation  in  the  manner  shown,  taking  similar  points  in 
each  case. 

The  true  lengths  of  all  lines  now  having  been  determined, 
the  development  may  be  constructed  as  shown  at  Fig.  2  {c). 
In  this  case,  as  in  all  instances  where  the  solids  are  uneven 
and  irregular  in  their  form,  it  is  preferable  to  begin  the  de- 
velopment from  the  longest  edge  that  is  shown  in  its  true 
length.  The  line  ;;/  n  is,  therefore,  copied  as  shown  at  (r), 
and  the  triangle  n  in  I  constructed  as  in  the  preceding  de- 
velopment, taking  the  lengths  of  the  radii  nl^  h\j^^y  ^^^• 
from  the  full  view  of  the  upper  base,  and  the  lengths  of  the 
radii  ml,  Ik,  kj\  etc.  from  their  respective  triangles  as 
formed  at  {b),  while  ink,  ki,  ig,  etc.  are  taken  from  the  full 
view  of  the  lower  base  as  shown  in  the  plan  at  (a). 


PROBLEM   18. 

53.  To  develop  the  surface  of  an  irregular  solid 
whose  upper  base  Is  rightly  inclined  and  whose  lower 
base  is  a  portion  of  a  cylinder. 

This  solid  is  shown  in  perspective  in  Fig.  34,  and  the  tri- 
angles that  are  to  be  located  by  the  student  in  the  projec- 
tions are  represented  in  the  drawings  shown  on  the  plate. 

Construction. — As  may  be  seen  from  Fig.  3  (a)  on  the 
plate,  the  projections  do  not  differ  materially  from  those  of 
the  preceding  problems.  .  First  draw  0mm^'^'i>^'<>,,^. 

the  oval  in  the  plan  as  in   the  two  #\!    '  ^^^\ 

preceding  problems,  noting  that,  in  m     ^!%sb^^|^ 

this  case,  the  outline  is  a  for^short-        jP       -"^'^^■Bv 
ened- view  of  the  real  surface.    Next,      jmlc^^' — "^SB^^m 
draw  a  line  vertically  upwards  from  ^,     \^    ^^T^'^^^^^^Sn^m 
the  center  of  the  semicircle,  to  the        "'"'*''-^::;:::VJJl,-'-''' 
point   //  in  the    elevation,  which  is  fig.  84. 


A    II.— li 
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3  inches  distant  from  o.  Through  //  draw  bn  2X  an  angle 
of  30°  with  the  horizontal ;  at  right  angles  to  b  «,  project 
the  full  view  of  the  upper  base,  which,  as  in  Problem  17, 
is  a  circle.  Through  the  plan  draw  am  and  bisect  it  at  jir; 
with  ;r  as  a  center,  and  a  radius  of  \\\  inches,  describe,  in 
the  elevation,  the  arc  agm^  representing  that  view  of  the 
lower  base. 

As  in  the  preceding  problem,  project  the  foreshortened 
view  of  the  upper  base,  and,  as  before,  designate  the  posi- 
tions of  the  six  spaces.  Since  the  view  of  the  base  in  the 
plan  is  foreshortened,  it  is  necessary  to  project  its  full  view, 
in  order  to  ascertain  the  true  distance  around  the  outline. 
Divide  the  foreshortened  outline  of  the  lower  base  shown  in 
the  plan  into  six  equal  spaces,  at  a^  r,  ^,  etc.  First,  how- 
ever, draw  the  center  line  am^  as  \vi  previous  cases,  and 
then  project  to  the  elevation  the  points  thus  located.  To 
produce  the  full  view,  as  at  Fig.  3  (t),  extend  the  line  am 
in  the  plan  toward  the  left  as  far  as  to  m\  and  on  this  line 
lay  off  the  stretchout  of  the  lower  base,  as  shown  in  the 
elevation;  thus  that  portion  of  the  solid  is  treated  as  a  sur- 
face developed  by  means  of  parallel  lines.  Draw  edge  lines 
perpendicular  to  the  stretchout,  as  on  the  plate,  and  pro- 
duce developers  from  the  points  a^c^e^gy  etc.  in  the  plan 
to  a\  c\e',g\  etc.  at  (c).  The  light  curve  shown  at  {c)  is 
then  drawn  and  represents  the  true  outline  of  the  lower  base 
of  the  solid;  measurements  may  now  be  taken  from  points 
on  this  outline,  as  aV,  c'  e\  etc.,  for  the  radii  of  the  arcs 
required  in  that  portion  of  the  development  at  (rf),  their 
true  lengths  thus  being  shown.  The  true  lengths  of  the  lines 
shown  in  the  projections  at  be,  c d^  de^  etc.  are  obtained  as 
before  by  constructing  temporary  triangles  at  (^),  (b). 
Their  projection  on  both  sides  of  the  elevation  is  done  to 
avoid  confusion  from  having  a  number  of  lines  cross  on 
the  drawing. 

Note  the  varied  heights  of  the  triangles,  hence  the  need 
of  extreme  care ;  for,  if  corresponding  points  are  not  taken 
from  both  plan  and  elevation,  it  will  be  difficult  to  trace  the 
resulting  errors.     The  true  lengths  of  all  lines  having  been 
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determined  in  (b),  (6),  and  (r),  the  development  at  {d)  may 
be  constructed  by  methods  precisely  like  those  used  in 
Problems  16  and  17. 

Since  m  n  is  the  longer  true  edge  shown  in  the  elevation, 
the  development  should  begin  from  that  line  by  making  mn 
at  {d)  equal  to  mn  in  the  elevation  at  {a).  With  a  radius  n  I 
(taken  from  the  full  view  of  the  upper  base),  and  with  n  in 
(^/)  as  a  center,  describe  an  arc  as  shown,  and  intersect  it 
at  /  with  an  arc  described  from  ;«  as  a  center,  with  a  radius 
equal  to  the  hypotenuse  of  the  triangle  m  I  at  {b) — the  true 
length  of  the  line  m  /,  as  shown  at  {a). 

This  completes  the  triangle  m?tl  2Lt  {d).  Next,  describe 
an  arc  from  m  as  a  center,  with  a  radius  ;;/'  k'  taken  from 
the  full  view  of  the  lower  base  at  (i),  and  intersect  this  arc 
at  k  with  an  arc  described  from  /  as  a  center  and  a  radius 
equal  to  the  hypotenuse  of  the  triangle  Ik  at  (b).  The  tri- 
angle mlk  is  thus  completed,  and  the  remainder  of  the 
figure  at  {d)  is  constructed  in  a  similar  manner.  The  de- 
velopment at  {d)  is  one-half  of  th«  irregular  surface  of  the 
solid  shown  in  Fig.  34. 

It  should  be  noted  that,  in  the  practical  work  of  laying 
out  patterns  by  this  method,  a  sufficient  number  of  points 
should  be  located  on  both  bases  of  the  solids  to  insure  accu- 
racy in  tracing  the  curved  line  of  the  development. 

64.  Importance  of  a  Correct  Projection. — It  will  be 
seen  from  the  foregoing  problems  that  in  each  case  the  first 
operation  is  the  drawing  of  a  correct  projection.  The  true 
lengths  of  all  real  or  assumed  lines  that  may  have  been  shown 
in  such  a  drawing  of  the  solid  are  thus  ascertained,  and  the 
draftsman  is  then  enabled  to  determine  which  of  the  three 
general  methods  is  to  be  applied  in  order  that  a  development 
may  be  produced.  The  views  to  be  drawn  are,  in  all  cases, 
those  that  will  represent  the  solid  in  a  right  position,  since 
the  true  length  of  any  line  is  most  easily  obtained  from  such 
drawings.  The  ease  with  which  this  is  accomplished  is 
clearly  shown  in  the  foregoing  examples;  and  if  the  student 
will  devote  his  attention  to  the  projection  of  a  variety  of 
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commonly  occurring  trade  subjects,  he  will  quickly  acquire 
a  facility  obtained  only  by  constant  practice. 

Particular  attention  is  directed  to  the  imaginative  feature 
of  the  projection,  as  mentioned  in  Practical  Projection ;  for 
a  correct  conception  of  the  actual  position  of  the  various 
lines  as  they  will  appear  in  the  completed  object  can  be 
acquired  in  no  other  way,  and  it  is  of  extreme  importance 
to  the  draftsman  desiring  to  become  proficient  in  the  pro- 
duction of  developments.  If  a  student  is  expert  at  **  read- 
ing "  drawings,  he  will  experience  no  difficulty  in  applying 
the  various  principles  that  have  been  given  for  producing 
developments  of  surfaces. 

66.  EmplojTnent  of  Modified  Methods. — In  producing 
the  developments  given  in  the  last  three  problems,  the  tri- 
angles are  not  always  projected  from  the  views  in  the  man- 
ner shown  on  the  plate.  Short  methods  are  often  used ;  but 
since,   in  such  cases,   there  is  more  chance  for  error,  the 


student  will  do  well  not  to  attempt  any  other  method  than 
that  just  described — at  least,  not  until  the  principles  are 
firmly  fixed  in  his  mind.  As  the  drawings  from  which  such 
developments  are  made  are  often  too  large  to  permit 
the  projection  of  the  triangles  in  the  manner  shown, 
the    construction    given    in    Fig.  35  is  often   applied.     In 
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this  figure  the  triangles  for  Problem  16  are  shown  at  («), 
and  those  for  Problems  17  and  18,  at  {d)  and  (r),  respect- 
ively. A  single  right  angle  is  first  drawn,  as  adc;  the 
lengths  of  all  lines  shown  in  the  plan  are  then  set  off  with 
the  dividers  on  the  side  bc^  while  the  vertical  distances 
taken  from  the  elevation  are  set  off  on  the  side  ad.  A 
number  of  slanting  lines  are  then  drawn  between  the  points 
thus  located,  each  forming  the  hypotenuse  of  its  respective 
right-angled  triangle.  Unusual  care  must  be  observed  when 
this  method  is  adopted,  since  the  points  are  located  close 
together  and  are  very  apt  to  be  mistaken  for  one  another. 
When  many  lines  thus  appear  in  the  drawing,  the  student 
is  very  apt  to  become  confused  and  to  consider  the  drawing 
as  complicated.  If  due  care  is  used  and  ample  time  taken, 
this  confusion  will  be  avoided,  for  the  drawings  themselves 
depend  on  the  simplest  of  principles — principles  that  may 
readily  be  understood  by  any  one  willing  to  give  the  time 
necessary  for  mastering  this  work. 

66.  Scalene  Cone. — The  development  of  this  solid  illus- 
trates a  short  method  of  triangulation  applicable  to  a  number 
of  solids,  particularly  to  those  represented  by  transition 
pieces  one  of  whose  bases  is  a  polygon.  A  right  view  of  such 
a  cone  is  presented  in  Fig.  36  (a),  and  an  inspection  of  its 
elements  will  show  that  they  are  of  unequal  length.  This 
inequality,  combined  with  the  fact  that  a  section  taken  at 
right  angles  to  the  axis  of  a  scalene  cone  is  not  a  circle,  pre- 
cludes its  development  by  the  method  applied  to  radial  solids, 
although  the  process  is  a  combination  of  that  method  and 
triangulation.  In  accordance  with  instructions  given  here- 
after, a  drawing  of  this  development  should  be  made  by  the 
student,  although  it  is  not  required  to  be  sent  to  the  Schools 
for  correction. 

After  drawing  the  right  plan  and  elevation  as  in  Fig.  36  («), 
the  base  is  divided  into  a  convenient  number  of  equal  parts 
(12  in  Fig.  36).  Next,  the  elements  are  drawn  in  both  views, 
and  it  may  then  be  seen  that  the  surface  of  the  cone  is 
divided  into  a  number  of  triangles  whose  common  apex  is 
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at  Oy  the  vertex  of  the  cone.  In  the  elevation,  the  elements  og 
and  o  a  are  the  only  ones  shown  in  their  true  length.  In 
order  to  determine  the  true  lengths  of  the  remaining  ele- 
ments, the  drawing  shown  at  Fig.  36  (b)  is  constructed. 
Draw  the  right  angle  /;;/«  and  set  off  mo^  the  vertical 
height  of  the  cone. 

The  length  of  each  element  shown  in  the  plan  at  {ci)  is 
now  set  off  on  the  line  ;;/  n\  thus,  make  m g -At  {b)  equal 
to  &  g  in  the  plan  at  (^),  vi  f  ^X,  (d)  equal  to  o' / at  {a),  etc. 


Fig.   36. 

Draw  <7^,  o/^  o  e^  etc.  at  (^),  thus  producing  the  elements  of 
the  scalene  cone  in  their  true  length,  the  method  used,  as 
will  be  seen  by  the  student,  being  similar  to  that  used  in  the 
other  triangulation  problems. 

From  ^  as  a  center,  with  o  g,  of,  o  e,  etc.  as  tlie  respective 
radii,  describe  arcs  in  the  manner  shown  in  Fig.  36  (b).  At 
a  convenient  point  locate  g\  and  draw  ^ '  ^  as  indicated  at  (r). 
This  line  (^  b)  is  one  edge  of  the  development,  which  may 
be  completed  by  making  ^'^  at  (r)  equal  to^/in  the  plan 
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at  (a;), /' /  at  (^)  equal  to  f  e  at  (^),  etc.,  the  compasses 
being  set  at  this  distance  and  similar  arcs  described  as  the 
successive  points  are  located.  Proceed  in  the  manner  shown 
until  the  pointy'  is  reached,  when  the  development  is  com- 
pleted by  drawing  o  g^  and  tracing  the  curve  through  points 
at  the  intersection  of  the  arcs.  The  outer  edge  lines  of  the 
development  may  be  further  noted  by  the  use  of  ^indicators 
as  before  described. 

There  are  many  irregular  solids  to  which  this  method  of 
development  may  be  applied.  The  student  should  therefore 
work  out  this  drawing  very  carefully,  that  the  construction 
may  be  well  understood  and  the  method  of  its  application 
readily  seen.  Where  convenient,  models  should  be  made  of 
these  developments.  These  models  may  be  cut  out  of  paper 
or  thin  sheet  metal,  and  afterwards  formed  up  to  represent 
the  solids  described  in  the  particular  projections  accompany- 
ing each  problem.  A  better  idea  of  the  solids  and  their 
respective  developments  will  thus  be  obtained.  Should  any 
errors  arise  in  the  course  of  the  work,  they  may  frequently 
be  detected  by  this  means. 


APPROXIMATE    DEVEIiOPMENTS. 

67.  The  Sphere, — The  sphere  is  the  most  prominent 
example  of  the  many  solids  whose  surfaces  admit  of  approxi- 
mate development.  The  methods  used  with  solids  capable  of 
accurate  development  must  be  applied  to  solids  of  approxi- 
mate development.  Since  solids  of  approximate  develop- 
ment may  be  resolved  into  parts  resembling  those  capable  of 
accurate  development,  it  is  clear  that  the  same  general 
methods  are  easily  applicable.  Thus,  in  the  case  of  the 
sphere,  that  solid  is  resolved  into  a  number  of  frustums  of 
cones,  in  the  manner  described  in  the  next  article. 

As  already  stated,  it  is  necessary  to  submit  the  covering 
for  these  solids  to  the  operations  of  **  raising,"  in  order  to 
conform  the  metal  to  the  profile  of  the  solid  itself;  an  allow- 
ance is  therefore  required  for  the  consequent  stretching  of 
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the  stock.  This  allowance  varies  with  the  thickness  and 
quality  of  the  material ;  hence,  no  general  rules  can  be  given 
here.  The  mechanic  must  be  acquainted  with  the  nature  of 
the  material  in  order  to  determine  the  allowance  required  in 
each  case.     The  method  of  applying  these  shop  rules  will  be 

considered  later  in  the 
Course,  but  an  example 
is  here  given  showing 
how  certain  methods 
may  be  adapted  to  the 
case  of  the  sphere. 

68.      Development 
of  the  Sphere. — It  has 

been  stated  that  each 
solid  of  approximate  de- 
velopment must  be  re- 
ferred to  one  of  the 
three  classes  of  solids 
capable  of  accurate  de- 
velopment. It  is  first 
necessary,  therefore,  to 
determine  which  of  the 
regular  solids  the  irreg- 
ular solid  to  be  devel- 
oped most  resembles. 
The  blanks,  or  pat- 
terns, produced  by 
these  methods  are,  as 
has  been  observed,  flat, 
or  plane,  surfaces;  and, 
since  it  is  necessary  to 
**  raise"  these  surfaces 
by  hammering,  the 
draftsman  must  imag- 
ine the  surface  desired  in  the  final  form.  The  principle  by 
which  these  solids  are  classified  is  illustrated  in  Fig.  37  by 
the  perspective  of  the  sphere  and  its  resolved  cones.     After 


FlO.  87. 


Digitized  by  VjOOQIC 


16 


DEVELOPMENT  OF  SURFACES. 


65 


the  sphere  has  thus  been  resolved  into  cones— or  rather, 
frustums  of  cones — their  developments  may  be  produced  in 
the  regular  way,  each  frustum  being  separately  treated,  in 
the  manner  shown.  This  is  called  development  by  zones, 
and  may  be  applied  to  a  number  of  irregular  solids  resem- 
bling the  sphere. 

Another  method  of  treatment  is  shown  in  Fig.  38,  certain 
sections  of  the  sphere  being  here  considered  as  portions  of 

the  surface  of  the  cylinder.  This 
method  is  referred  to  as  the  develop- 
ment by  gores ;  the  patterns  are 
developed,  as  with  any  portion  of 
the  cylinder,  by  means  of  parallel 
lines. 


When  the  curved  surface  of  any 
solid  is  such  that  it  cannot  be  con- 
sidered as  part  either  of  a  cone  or 
of  a  solid  with  parallel  lines,  it  is 
Fig.  88.  customary  to  determine  a  series  of 

sections  in  a  regularly  occurring  order  and  apply  the 
method  of  triangulation  as  shown  in  Problems  16  to  18. 
Such  surfaces  are  then  formed  up  as  nearly  as  possible  to  the 
shape  of  the  solid  and  are  then  submitted  to  the  operations 
referred  to  for  **  raising  "  to  their  proper  shape. 

The  remainder  of  this  Course  is  devoted  to  illustrating  the 
practical  methods  of  applying  the  principles  of  developments 
to  actual  shop  problems  and  patterns. 
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(PART  1.) 


GENERAL  CONDITIONS  AND 
APPLICATIONS. 

1.  The  principles  of  projection  and  development  having 
been  clearly  illustrated,  the  practical  application  of  these 
principles  to  commonly  occurring  trade  problems  will  now 
be  considered.  Practical  Pattern  Problems  is  printed  in 
three  parts,  none  of  which  is  accompanied  by  a  Question 
Paper.  In  this  section,  before  taking  up  the  problems,  sub- 
jects of  general  importance  to  the  sheet-metal  worker  are 
treated.  The  articles  on  these  subjects  should  be  read  care- 
fully. The  tables  given  here  and  in  Arithmetic  diV^  useful  in 
solving  the  problems  and  examples  that  follow. 

3.  Familiarity  With  Methods  Indispensable. — Owing 
to  the  diversity  of  forms  that  occur  in  actual  workshop 
practice,  it  is  necessary  for  the  student  to  be  familiar  with 
the  operations  that  have  preceded,  and  be  ready  to  apply,  in 
any  particular  case,  the  method  best  adapted  to  the  pro- 
duction of  the  pattern.  If  he  is  skilful  in  the  application  of 
these  methods,  he  will  often  be  able  to  shorten  an  otherwise 
tedious  process,  and  in  special  cases  may  be  able  to  use 
methods  of  his  own  that  will  have  been  suggested  by  his 
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study  of  the  subject.  The  facility  with  which  these  results 
are  attained  will  depend  on  the  proficiency  of  the  student — a 
high  degree  of  expertness  can  be  acquired  only  by  constant 
practice. 

It  will  be  noticed  that  in  the  construction  of  the  projec- 
tions required  for  the  various  problems,  the  regular  arrange- 
ment of  the  various  views  given  in  Practical  Projection  is 
occasionally  departed  from,  and  an  arrangement  better 
adapted  to  the  particular  case  in  hand  is  used  instead.  The 
student  will,  however,  readily  see  the  connection  that  exists 
between  these  drawings  and  those  previously  given;  and, 
from  the  knowledge  of  projection  that  he  has  now  acquired, 
he  will  be  able  to  apply,  in  special  cases  that  may  arise,  the 
arrangement  of  views  best  adapted  to  the  purpose. 

It  seldom  happens  that  similar  drawings  made  by  two 
draftsmen  in  the  delineation  of  sheet-metal  patterns  are 
exactly  the  same  in  every  particular.  They  may  both  reach 
the  desired  end  and  produce  a  correct  pattern,  but  an  exami- 
nation and  comparison  of  the  work  will  usually  show  that  the 
different  steps  have  not  been  taken  in  the  same  order  by 
both  men.  It  may  be  found  that  one  has  used  a  long  and 
tedious  process,  while  the  other  may  have  greatly  shortened 
his  work  by  ingenious  adaptations  of  certain  fundamental 
principles.  The  thoughtful  draftsman  that  gives  his  atten- 
tion to  the  work  in  hand  and  studies  labor-saving  devices  and 
processes  is  sure  to  be  rewarded  by  a  reputation  for  skill  and 
efficiency. 

In  handling  the  problems  treated,  these  short  methods 
have  been  quite  frequently  used;  they  are  explained  in 
detail  as  they  occur,  in  order  that  the  student  may  profit  by 
the  practice  thus  given  and  be  enabled  to  apply  to  his  future 
work  the  principles  therein  involved. 

3.  Patterns  for  Complicated  Forms. — Parallel,  radial, 
and  triangulation  methods  must  often  be  applied  to  different 
portions  of  the  same  solid.  The  objects  constructed  in  the 
sheel-metal-working  trades  are  frequently  of  such  irregular 
shape  that  no  one  process  of  development  may  be  sufficient 
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in  any  particular  case  to  enable  the  draftsman  to  produce  the 
entire  pattern  of  the  solid.  One  method  may  be  best  suited 
to  develop  certain  of  its  surfaces,  and  another  method  to  de- 
velop the  remaining  surfaces.  In  some  instances,  all  three 
processes  must  be  utilized  before  the  development  is  com- 
plete. In  such  cases,  the  draftsman  is  quite  apt  to  become  con- 
fused; a  careful  development  of  each  surface,  with  close  at- 
tention to  the  corresponding  lines,  is  therefore  indispensable. 

4.  UnTvlse  Economy  In  Drawing  Paper. — It  is  a  fre- 
quent practice,  and  one  that  deserves  condemnation,  for  the 
draftsman  to  be  too  saving  of  his  paper;  in  many  instances, 
errors  arise  simply  from  the  fact  that  too  many  drawings 
are  attempted  on  the  same  sheet.  The  result  is  generally 
an  incorrect  pattern,  and  when  the  draftsman's  attention  is 
called  to  the  mistake — often  in  no  gentle  way — his  only 
excuse  is,  **  Well,  I  must  have  taken  the  wrong  line."  On 
examining  the  drawing  afterward,  he  frequently  finds  that 
his  work  has  been  correctly  done,  but  that  in  transferring 
ihe  pattern  to  the  metal,  lines  or  points  were  wrongly  taken, 
thus  spoiling  an  otherwise  carefully  constructed  pattern. 
Possibly  many  pieces  have  already  been  cut  in  accord- 
ance with  the  pattern ;  these  must  be  thrown  on  the  scrap 
pile  and  the  lost  time  and  wasted  stock  charged  to  the 
account  of  profit  and  loss.  After  such  an  incident,  it  is 
within  the  range  of  possibility  that  the  draftsman's  mail  will 
be  delivered  to  a  new  address  and  among  the  certainties 
that  he  will  be  more  careful  to  avoid  such  mistakes  in  the 
future. 

It  is  true  that  the  draftsman  is  compelled  in  many  cases 
to  lay  out  the  patterns  for  different  portions  of  some  objects 
in  such  a  manner  that  the  developments  cross,  or  overlap,  one 
another  on  the  drawing,  this  being  necessary  in  order  to 
avoid  the  drawing  of  another  projection;  unusual  care, 
however,  should  be  exercised  in  such  instances. 

6.  Preservation  of  Drawingrs. — Another  point  to  be 
observed  in  this  connection  is  that  all  detail  drawings  should 
be  carefully  preserved;  if  the  same  sheet  of  drawing  paper 


Digitized  by  VjOOQIC 


4      PRACTICAL  PATTERN  PROBLEMS.    §  17 

is  used  repeatedly  for  different  developments,  it  will  be 
extremely  difficult  to  refer  to  them  intelligently  when  occa- 
sion requires.  Or,  if  some  person  other  than  the  one  that 
made  the  drawing  should  be  obliged  to  get  out  work  from 
the  same  details,  he  will  usually  find  it  impossible  to  deter- 
mine the  outlines  of  the  various  patterns  that  have  been 
developed. 

In  the  office  of  every  well-regulated  sheet-metal-working 
establishment,  what  is  cMed  a, contract  record  book  is  kept,  in 
^  '  ^'^''^^  which  is  entered  a  descrip- 


COLUERT  ENGINEER  COMPANY 

CONTRACT  N0.-^^42£„ 
SHEET  NO /tf 

JiPJLGl?i^L 


tion  of  every  contract  se- 
cured. Each  contract  is 
usually  distinguished  by  a 
number,  and  this  number  is 
often  used  to  designate  the 
work  while  it  is  undergoing 

^  construction.   Wherever 

^^g=  \^  this  excellent    system    has 


P'o-  ^-  been    adopted,   the   drafts- 

man should  be  particular  to  designate  by  its  proper  number 
every  drawing  pertaining  to  a  contract.  It  is  often  desirable, 
where  many  drawings  are  made  for  the  same  contract,  to 
indicate  these  drawings  by  independent  numbers  or  short 
descriptive  terms,  in  order  that  reference  to  them  may  be 
more  readily  made.  A  small  space,  usually  in  the  lower 
right-hand  portion  of  the  drawing,  is  devoted  to  these  mem- 
oranda, and  the  contract  number,  together  with  such  other 
descriptive  matter  as  may  be  found  necessary,  is  neatly 
marked  on  the  drawing.  The  freehand  alphabet  previously 
described  may  be  used  to  good  advantage,  since  the  letters 
are  clear  and  easily  read.  In  some  establishments,  a  rubber 
stamp  is  used,  lettered  as  shown  in  Fig.  1 ;  and,  as  before, 
the  numbers  and  description  are  filled  in  with  some  freehand 
letter.  In  this  instance,  the  contract  number  has  a  further 
significance;  its  first  two  figures  refer  to  the  year  in  which 
the  contract  was  secured — the  date  being  that  on  which  the 
drawings  of  a  particular  sheet  were  completed.  No  sheet 
should  contain  drawings  that  have  reference  to  more  than 
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one  contract.  The  different  drawings  and  details  may  then 
be  filed — each  contract  or  number  by  itself — and  readily 
referred  to  as  occasion  requires. 

6.  Allovrances   Necessary   in    Jjaying   Out  Work. — 

During  the  construction  of  the  drawings  in  Development  of 
Surfaces,  no  attention  was  paid  to  the  thickness  of  the  cov- 
ering of  the  different  solids.  This  covering  has  been  con- 
sidered simply  as  a  surface,  and  as  such  has  been  represented 
on  the  drawing  board.  Before  the  patterns  for  any  object 
are  laid  out  by  the  draftsman,  however,  it  is  essential  that 
the  properties  of  the  material  to  be  used  in  its  construction 
should  be  considered.  Such  investigations  often  show  that 
certain  changes  of  construction  must  be  made  in  the  draw- 
ing; these  changes  should  be  made  in  the  manner  required 
by  the  nature  of  the  material  and  the  conditions  that  prevail 
in  the  object  itself.  This  is  an  important  subject,  and  in 
order  that  it  may  be  thoroughly  understood  by  the  student, 
his  attention  is  directed  to  a  study  of  a  few  of  the  commonly 
occurring  requirements.  These  changes  will  be  considered 
under  two  heads:  first,  those  made  necessary  on  account  of 
bends  in  the  material ;  and  second,  those  required  for  laps, 
locks,  and  edges. 

7.  Allo'wance  for  Bends. — When  the  metal  used  in 
any  construction  is  lighter  than  No.  24  gauge,  no  allowance 
is  usually  necessary  for  its  shrinkage  under  bending  opera- 
tions, unless  the  work  in  question  is  very  small  and  great 
accuracy  is  desired,  in  which  case,  methods  similar  to  those 
used  for  the  heavier  gauges  may  be  adopted. 

When  heavy  sheet  metal  is  formed  into  cylindrical  shapes, 
such  as  pipes  and  round-tank  work,  and  it  is  desired  to  pre- 
serve an  exact  inside  diameter,  it  is  customary  to  add  a 
certain  amount  to  the  stretchout  of  the  pattern  to  make  up 
for  the  loss  of  stock  in  bending,  due  to  the  thickness  of  the 
material,  and  also  for  the  imperceptible  inequalities  in  various 
portions  of  the  curved  surface.  Workshop  practice  varies  in 
the  amount  to  be  added;  some  mechanics  allow  three  times 
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the  thickness  of  the  material,  while  others  allow  five,  six,  or 
even  seven  times  this  amount.  Since  it  is  found  that  the 
metal  **  takes  up  "  an  additional  amount,  varying  with  its 
nature,  it  is  usually  considered  the  best  practice  to  allow 
seven  times  the  thickness  of  the  metal.  When  the  article  is 
of  such  a  form  that  only  a  portion  of  the  full  circumference 
is  needed  in  the  pattern,  a  proportionate  allowance  must  be 
made. 

In  the  case  of  patterns  of  irregular  outline,  as  for  elbows 
and  certain  other  forms,  this  allowance  must  be  made  on  the 
stretchout  before  the  pattern  is  developed,  in  order  that  the 
added  amount  may  be  equally  distributed  over  its  surface. 
The  practical  methods  by  which  this  is  accomplished  will  be 
fully  illustrated  in  connection  with  several  problems. 


(b) 


8,     Angrular  Bends. — Probably  the  operation  most  com- 
monly required  of  the  sheet-metal  worker  is  that  of  making 
—  square   or   angular   bends,  similar  to 
,^  those  shown  in  Fig.  2  (a)  and  (d).     In 
the  lighter  gauges  of  metal  no  allow- 
ance is  necessary  for  this  operation; 
but  when  the  thickness  of  the  material 
exceeds    No.   24  gauge   and  accurate 
^'®-  2-  work   is    required,    several    elements 

must  be  taken  into  account. 

First  of  all,  if  the  metal  is  such  that  a  sharp  square  bend 
cannot  be  made  to  advantage,  either  on  account  of  its  ex- 
treme thickness  or  of  its  resistance  to 
the  bending  operation,  a  representation 
must  be  made  of  a  form  similar  to  that 
which  the  metal  will  assume  under  the 
conditions  through  which  it  must  pass; 
the  detail  may  then  be  worked  out  in 
accordance  with  the  resulting  form. 
For  example,  let  us  suppose  that  a  cer- 
tain metal  of  a  specified  thickness  is  to  j  i 
be  used  in  the  construction  of  a  tank  [-_>- -^ 
having  the  form  of  a  parallelopipedon —  pio.  8. 
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that  is,  the  shape  of  a  rectangular  prism.  Square  bends  are 
required  at  the  corners  of  this  tank,  and,  on  trying  a  piece 
of  the  metal,  it  is  found  that  the  angle  shown  in  Fig.  3  is  as 
sharp  as  can  be  conveniently  made  with  the  machinery  at 
hand.  It  is  necessary,  in  this  instance,  to  represent  the 
outline  of  the  corner  on  the  drawing  by  the  broken  line  pass- 
ing through  the  central  portion  of  the  section.  The  solid  is 
then  treated  on  the  drawing  as  though  it  had  similarly 
rounded  corners,  and  its  projection  and  development  are 
made  in  accordance  with  that  form.  Possibly  the  inner 
dimensions  of  the  tank  have  been  given  to  the  draftsman, 
in  which  case  it  will  be  found  necessary  to  construct  the 
drawing  in  such  a  manner  that  allowance  may  be  made  for 
the  thickness  of  the  material.  It  will  be  seen  from  Fig.  3 
that  if  the  broken  center  line  be  taken  for  the  outline  of  the 
pattern — inside  measurements  being  given,  as  is  usual  in 
such  cases — then,  for  every  square  bend  of  the  material,  an 
amount  equal  to  the  thickness  of  the  metal  must  be  added 
to  the  stretchout. 

9.  Angles  other  than  right  angles  must  be  treated  in  a 
similar  way,  the  center  line  of  the  metal  being  taken  for 
the  outline  of  the  pattern.  Allowances  necessary  in  the 
case  of  other  forms  may  be  made  in  accordance  with  the 
suggestions  that  have  here  been  given;  but,  in  all  cases,  a 
test  bend  should  be  made  and  the  outline  of  the  drawing 
should  follow  the  center  line  of  the  material.  No  definite 
rules  can  be  given  that  will  apply  in  all  cases;  different 
flanging,  bending,  and  forming  machines  take  up  unequal 
amounts,  and  the  experience  of  the  workman  must  furnish 
the  needed  guidance. 

It  is  found  that  an  unusually  sharp  bend  will  always 
cause  sheet  metals  to  stretch  at  the  outer  part  of  the  curve, 
as  indicated  at  a.  Fig.  3.  When  great  accuracy  is  desired 
in  cases  where  this  stretching  is  considerable,  it  should  be 
noted  in  the  test  and  an  allowance  made  for  it  on  the  draw- 
ing, although  it  is  not  usually  deemed  of  sufficient  impor- 
tance to  be  taken  into  account. 


A    ll.'-l^ 
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Fig.  4. 


10,    Allowance   for   Liaps,    Ijocks,  and  Edg^es. — The 

method  of  adding  allowances  to  the  pattern  for  laps  is  so 
simple  that  little  need  be  said  concerning  it.  In  the  case 
of  the  lighter  gauges  of  metal,  it  is  necessary  merely  to  add 
the  required  amounts  in  their  proper  places;  but  where 
heavy  metal  is  used  and  a  flush  joint  is  desired,  as  in  Fig.  4, 
the  amounts  required  for  the  offset  bends  at  a  and  b  must 
be  considered  by  the  draftsman.  Where 
such  a  seam  as  that  shown  in  Fig.  4  is  made 
on  flat  work,  and  an  accurate  layout  is  nec- 
essary, an  amount  nearly  equal  to  two  thick- 
nesses of  the  stock  is  needed;  this  amount 
should  be  determined  and  added  to  the 
pattern,  as  in  the  case  of  the  square  bend 
previously  mentioned.  If  the  seam  occurs 
transversely  in  round  work,  the  addition 
need  not  be  so  great,  since 
there  will  be  a  stretching  of 
the  metal  in  working  out  such 
a  bend.  The  correct  allow- 
ance in  such  cases  is  best  de- 
termined by  actual  experience 
and  a  knowledge  of  the  proper- 
ties of  the  metal  used. 


Fig.  5. 


11,     When  pipes  are   made 

of  heavy  metal,  with  joints  at 

frequent  intervals,  and  it  is  not 

desired  to  flange  each  section 

as  represented  in  Fig.  4,  it  is  a 

common   practice    to   consider 

the  sections  as  frustums  of 
cones.  The  pattern  is  therefore  given  a  certain  amount  of 
flare,  as  in  Fig.  5.  The  method  of  laying  out  the  pattern 
in  such  cases  is  to  treat  each  section  as  a  radial  solid  to  be 
developed  by  methods  already  known  to  the  student. 

In  a  variety  of  work,  such  as  tapering  joints  of  stove- 
pipe, stack  cylinders,  or  boiler  sections,  this  flare  is  not  so 
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pronounced  as  to  require  the  laying  out  of  the  pattern  with  a 
**  sweep."  In  such  instances,  the  required  radius  will  be  too 
long  even  if  trammels  are  used,  and  it  is  customary  to  lay 
out  the  pattern  for  each  section  in  the  form  of  a  trapezoid. 
An  illustration  of  a  case  of  inside  and  outside  laps  occur- 
ring at  the  corners  of  square  work  constructed  of  heavy 


Fig.  6. 

metal  is  furnished  in  Fig.  6.  The  method  of  making  the 
necessary  allowances  will  be  apparent  from  an  inspection  of 
that  figure.  The  draftsman's  judgment  is  always  indis- 
pensable and  he  must  find  the  construction  best  adapted  to 
the  purpose,  for  on  this  will  depend  the  degree  of  excellence 
in  each  particular  case. 

12.  Tlie  liock  Seam. — When  a  joint  is  made  between 
two  pieces  of  comparatively  thin  metal,  either  on  a  fiat  sur- 
face or  lengthwise  on  a  flaring  or  a  cylindrical  surface, 
what  is  technically  termed  the  lock  seam  is  frequently 
used.  This  is  used  for  many  of  the  straight  seams  in 
pipework,  for  the  side  seams  in  tinware,  and  for  many 
cases  of  fiat  work. 
An  illustration  of 
this   seam   may    be 

seen  in  Fig.  7,  the         /  /  ^ . 

sheets  A  and  B 
being  thus  joined 
along  the  seam  c. 
Note  that  there  are  four  thicknesses  of  metal  at  r,  and, 
since  there  is  but  one  thickness  at  other  places  on  the  two 
sheets,  it  is  evident  that  an  allowance  must  be  made  equal 


Fig.  7. 
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to  three  times  the  dimension  m.  In  addition  to  this,  some 
allowance  must  be  made  for  the  stock  taken  up  by  the 
curved  bends  at  x,  y,  and  z.  As  previously  stated,  the 
amount  required  for  these  bends  depends  on  the  thickness 
of  the  metal  used,  and,  in  the  case  of  metal  thinner  than 
No.  24  gauge,  this  amount  need  not  be  taken  into  considera- 
tion unless  unusual  accuracy  is  required.  Where  heavier 
metal  is  used,  however,  the  actual  width  of  material  taken  up 
by  such  bends  must  be  computed  and  added  to  the  pattern. 
When  a  lock  seam  is  required  in  a  pattern  of  irregular 
outline,  it  is  necessary  to  add  one-half  of  the  requisite 
amount  to  each  edge  thus  joinefd.  This  is  done  to  preserve 
the  contour  of  its  outline  when  the  metal  is  formed,  and 
this  precaution  should  always  be  carefully  observed  when 
such  patterns  are  laid  out. 

The  double  lock:,  shown  in  Fig.  8,  is  used  in  certain 
work,  and,  as  may  be  seen  from  the  illustration,  requires 
the  addition  of  five  times  the  dimension  ;;/,  as  well  as  an 

allowance    for    the 
curved   portions  of 
"*';^F  /     ^^^  metal.    By  ma- 

king a  test  seam,  the 
student  should  in 
all  cases  be  able  to 

Pic  fi 

determine  the  cor- 
rect allowance.  He  should  also  be  familiar  with  the  vari- 
ous amounts  taken  up  by  different  locking  and  bending 
machines,  and  thus  be  better  prepared  to  make  necessary 
allowances  in  proper  places  as  occasion  requires. 

13.  The  Double  Seam. — A  seam  somewhat  similar  to 
the  lock  seam  is  often  used  at  the  corners  of  angular  work 
and  in  the  connections  made  between  flat  and  curved  sur- 
faces. It  is  called  a  double  seam,  and  is  shown  in  its  ap- 
plication to  an  angular  corner  at  (^),  Fig.  9.  The  sheets^ 
and  B  are  shown  at  (^),  Fig.  9,  with  the  seam  partially 
completed;  the  seam  is  occasionally  left  in  this  way,  but  it 
is  referred  to  as  a  double  seam  only  when  the  operation  is 
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finished  by  turning  over  the  edge,  as  at  Fig.  9  {d).  As  may 
be  seen  from  the  figure,  an  allowance  equal  to  three  of  the 
dimensions  m  is  necessary.  In  this  case,  however,  the 
width  of  but  one  of  these  surfaces  is  added  to  the  sheet  A, 
while  the  width  of  two  is  added  to  B. 

There  are  many  special  machines  in  use  for  effecting  this 
operation,  and,  since  they  all  differ  in  the  amount  of  stock 


Fig.  9. 

required  for  the  seam,  the  draftsman  must  determine  the 
correct  amount  by  experiment  and  make  the  necessary  ad- 
ditions to  the  pattern. 

In  certain  cases,  an  edge  or  flange  is  required  for  the  pur- 
pose of  stiffening  an  article,  thus  enabling  it  to  hold  its  shape 
and  withstand  strains.  The  only  application  that  need  be 
considered  is  that  made  in  the  case  of  the  so-called  '*  wiring  " 
operation,  since  all  other  edges  added  for  this  purpose  are 
proportioned  at  the  discretion  of  the  draftsman  and  in  ac- 
cordance with  the  variety  of  work  and  quality  of  material. 

14,  Tlie  Wiring  Operation. — It  is  often  desirable  to 
increase  the  strength  of  cylindrical  or  flaring  articles,  es- 
pecially those  made  from  thin  sheet  metal,  by  enclosing  a 
wire  in  certain  of  their  edges,  as  shown  in  Fig.  10.  The 
wire  in  this  illustration  is  shown  larger  than  the  size  of  the 
vessel  would  warrant;  but  this  is  done  in  order  that  the 
principle  of  the  operation  may  be  more  plainly  seen.  The 
amount  usually  added  to  the  height  of  the  pattern  for  this  op- 
eration is  equal  in  width  to  three-fourths  of  the  circumference 
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of  the  wire — indicated  by  the  dimension  ;a/,  Fig.  10.  When 
this  work  is  done  by  means  of  power  machinery,  and  the  wire 
is  **  curled  in  "  either  by  direct-acting  dies  or  by  a  rapidly 
revolving  wheel  suitably  grooved,  there  is  a  certain  amount 
of  stretching  of  the  material.  This  amount  can  be  deter- 
mined only  by  careful  tests  and  should  be  provided  for 
accordingly. 


FIO.  10. 

In  the  manufacture  of  many  articles,  especially  tinware 
and  light  brass  goods,  where  cheapness  is  an  object,  the 
wire  is  often  omitted ;  but,  since  the  formation  of  the  work 
is  the  same  as  when  the  wire  is  actually  used,  a  similar 
allowance  should  be  made;  that  is,  three-fourths  of  the 
circumference  of  the  inside  diameter  of  the  curl  is  allowed 
in  the  pattern. 

15.  Notches.— The  next  important  feature  to  be  taken 
into  consideration  is  the  manner  in  which  the  pattern  shall 
be  notched.  That  is,  the  allowances  that  have  been  made 
for  the  various  purposes  described  in  the  foregoing  text 
must  be  finished  at  their  ends  in  such  a  manner  that  when 
the  several  pieces  of  the  pattern  are  joined,  the  finished 
article  will  present  a  neat  appearance.  No  part  of  the 
work  counts  for  so  much  in  the  appearance  of  the  finished 
article  as  the  manner  in  which  the  notching  is  done.     If  the 
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various  edges  do  not  meet  exactly  throughout,  the  pattern- 
cutter  will  be  blamed  for  poor  work.  He  should  therefore 
examine  the  edges  as  carefully  as  any  other  portion  of  the 
work,  and  see  that  they  are  so  trimmed  that,  when  the 
work  is  put  together,  they  will  make  a  neat  joint.  Atten- 
tion to  these  minor  details  of  construction  distinguishes  the 
careful  draftsman  from  his  unfortunate  fellow  workman 
with  whom  fault  is  continually  being  found  for  carelessness. 

16.  Metbods  of  Transfer. — After  the  pattern  has 
been  developed  on  detail  paper  and  the  necessary  edges 
properly  marked,  as  above  described,  it  may  be  transferred 
to  the  sheet  metal  and  the  process  of  manufacture  begun. 
There  are  several  ways  in  which  this  transfer  is  effected, 
depending  on  the  character  of  the  work  and  the  nature  of 
the  material.  Intricate  designs  on  the  more  expensive 
metals  are  sometimes  reproduced  by  means  of  carbon 
tracing  paper.  That  is,  the  carbon  paper  is  laid  face  down 
on  the  metal  and  the  detail  carefully  adjusted  over  the 
carbon;  if  large,  the  detail  is  steadied  with  weights,  so  that 
it  will  not  move,  and  the  outline  of  the  pattern  is  then 
gone  over  with  a  stylus  or  a  scratch  awl.  This  causes  all 
lines  that  have  been  thus  traced  to  appear  on  the  metal, 
and  the  work  of  cutting  out  may  then  proceed. 

When  the  work  is  too  large,  or  of  such  a  nature  that  it  is 
not  considered  desirable  to  trace  the  lines  of  the  pattern  in 
this  manner,  it  is  a  common  practice  to  lay  the  detail  paper 
directly  on  the  metal,  steadying  it  with  weights,  and  then, 
with  a  sharp  scratch  awl,  to  punch  light  holes  through  the 
paper  at  the  principal  points  of  the  drawing.  If  the  scratch 
awl  is  lightly  tapped  with  a  hammer  or  mallet  at  each  point 
thus  taken,  slight  indentations  are  made  on  the  metal; 
when  the  paper  is  removed,  the  pattern  may  be  reproduced 
on  the  metal  by  drawing  lines  with  scratch  awl  and  straight- 
edge between  points  thus  designated.  In  case  the  pattern 
is  curved  in  outline,  it  is  customary  to  make  similar  inden- 
tations along  the  outline  at  frequent  intervals;  care  should 
be  taken  that  these  points  are  closely  spaced,  so  as  to  enable 
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the  patterncutter  to  follow  the  line  of  curvature  with  accu- 
racy. Lines  on  which  bends  are  to  appear  in  the  finished 
work  are  usually  designated  by  punch  marks  on  the  metal, 
and  it  is  to  distinguish  such  lines  that  the  circular  indicators 
described  in  Development  o/ Surfaces  a.re  a,ddtd  to  the  draw- 
ing, the  punch  mark  usually  being  made  on  the  line  at  the 
center  of  this  circle.  After  the  principal  points  of  the  pat- 
tern have  thus  been  fixed  on  the  metal  and  while  the  lines 
are  being  drawn  with  the  scratch  awl,  the  draftsman  should 
have  the  detail  opened  before  him,  and,  before  attempting 
to  cut  the  metal,  he  should  carefully  compare  the  outline  on 
the  metal  with  that  of  the  detail.  Any  lines  that  have  been 
incorrectly  drawn  may  thus  be  detected  and  the  error 
rectified  before  the  metal  is  cut. 

17.  How  Patterns  Are  Marked, — When  a  number  of 
differently  shaped  patterns  are  required  for  any  construc- 
tion, and  any  number  of  pieces  are  to  be  cut  by  hand  meth- 
ods,  it  is  essential  that  such  number    shall  be  distinctly 


Fig.  11. 


indicated  on  each  pattern.  Chalk  is  not  desirable  for  this 
purpose,  although  frequently  used;  but,  since  it  is  easily 
rubbed  off  and  the  mark  thus  destroyed,  it  is  better  to  mark 
such  metals  as  will  admit  by  plain  and  indelible  marks. 
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Workers  in  galvanized  iron  use  for  this  purpose  a  solution 
of  sulphate  of  copper,  or  bluestone,  as  it  is  commonly  called ; 
they  usually  provide  themselves  with  a  small  bottle  of  this 
solution  and  write  on  the  metal  with  a  hardwood  stick,  the 
point  of  which  is  frequently  dipped  in  the  liquid.  If  to  this 
solution  a  small  quantity  of  muriatic  acid  is  added,  it  may 
be  used  on  copper  in  a  similar  manner.  Tin  may  be  marked 
with  soap  or  with  an  ink  made  of  black  asphalt  reduced  to 
the  proper  consistency  with  turpentine. 

When  work  on  several  contracts  is  undertaken  in  the  shop 
at  the  same  time,  the  patterns  for  each  job  should  be  dis- 
tinguished by  the  contract  number,  in  order  to  avoid  con- 
fusion. The  number  of  pieces  that  are  to  be  cut  after  each 
pattern  should  also  be  distinctly  marked  in  the  manner  in- 
dicated in  Fig.  11,  which  shows  a  pattern  for  a  certain 
piece  used  in  a  cornice,  properly  marked  and  ready  for  the 
cutters. 

No  one  system  of  marking  can  be  applied  to  all  classes  of 
sheet-metal  work,  and  the  draftsman  is  therefore  left  to 
determine  the  plan  best  adapted  to  his  needs.  He  should 
always  study  to  avoid  ambiguity  and  endeavor  to  leave  his 
work  in  such  shape  that  no  possible  chance  is  left  for  mis- 
leading the  workman. 


TABLES. 


GAUGES  FOR  SHEET  METAIi. 

18.  The  subject  of  gauging  metal  plates  is  one  that  has 
proved  very  perplexing  to  manufacturers;  and,  while  the 
adoption  of  the  United  States  standard  gauge  for  iron  and 
steel  sheets  has  simplified  matters  relating  to  these  products, 
it  may  be  stated  that  there  is  a  general  tendency  among 
intelligent  mechanics  to  do  away  entirely  with  gauge  num- 
bers and  specify  all  metals  by  their  actual  thicknesses  in 
decimal  parts  of  an  inch.     Such  measurements  are  far  more 


Digitized  by  VjOOQIC 


16  PRACTICAL  PATTERN  PROBLEMS.         §  17 

satisfactory,  both  to  the  trade  worker  and  to  the  manufac- 
turer, and  greatly  lessen  the  liability  to  error  that  arises 
from  imperfect  gauges  and  from  the  use  of  gauges  made  by 
different  firms. 

On  this  subject,  Trautwine  says:  '*  No  trade  stupidity  is 
more  thoroughly  senseless  than  the  adherence  to  the  various 
Birmingham,  Lancashire,  etc.  gauges,  instead  of  at  once  de- 
noting the  thickness  and  diameter  of  sheets,  wire,  etc.  by  the 
parts  of  an  inch,  as  has  long  been  suggested  *  *  *  *  To 
avoid  mistakes  that  are  very  apt  to  occur  from  the  number 
of  gauges  in  use  and  from  the  absurd  practice  of  applying 
the  same  gauge  number  to  different  thicknesses  of  different 
metals  in  different  towns,  it  is  best  to  ignore  them  all,  and, 
in  giving  orders,  to  define  the  diameter  of  wire  and  the 
thickness  of  sheet  metal  by  parts  of  an  inch." 


PIO.  w. 

The  micrometer.  Fig.  12,  is  an  instrument  for  obtaining 
accurate  measurements  of  sheet  metal  and  wire,  and  is  now 
in  very  extensive  use;  micrometers  are  sold  by  several  man- 
ufacturers of  fine  tools  at  a  price  not  greatly  in  excess  of 
the  old  form  of  wire  gauges  shown  in  Fig.  13,  and  are  much 
to  be  preferred.  Micrometers  are  usually  graduated  to  read 
thousandths  of  an  inch,  but  one-half  and  one-quarter  thou- 
sandths may  be  readily  estimated.  They  are  very  simple, 
and  any  person  of  ordinary  intelligence  can  learn  to  use 
them  in  a  very  few  minutes.  Unlike  the  gauges  shown  in 
Fig.  13,  they  are  provided  with  appliances  for  taking  up 
wear  and  for  readjustment. 
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In  the  following  tables  of  gauges,  the  actual  thickness  in 
decimal  parts  of  an  inch  is  given  opposite  each  number  of 
the  gauge,  and  it  will  be  readily  seen  that  if  the  workman 
is  provided  with  a  micrometer,  he  has  a  means  of  obtaining 
instantly  the  numbers  of  any  of  the  various  gauges  made  by 
different  manufacturers,  or  of  different  metals;  in  such 
comparisons,  the  micrometer  is  an  invaluable  instrument  in 
the  hands  of  a  workman  that  has  to  deal  with  different 
sheet  metals  or  with  wire. 

The  absurdity  of  continuing  to  designate  the  thickness  of 
sheet  metal  by  arbitrary  gauge  numbers  is  apparent  when 
the  student  considers  that  hardly  any  two  metals  are  judged 
by  the  same  standard.  Thus,  we  have  the  United  States 
standard  gauge  for  iron  and  steel;  Brown  &  Sharpens  for 
brass  and  aluminum;  a  special  gauge  for  zinc;  still  another 


PIO.  18. 

for  Russia  iron;  the  Birmingham  gauge  for  precious 
metals;  Washburn  &  Mpen's  for  wire,  etc.  The  dangers 
that  lurk  in  the  use  of  these  arbitrary  gauges  are  clearly 
indicated  in  the  following  extract  taken  from  a  circular 
issued  by  a  prominent  firm  of  sheet-metal  manufacturers: 

**In  regard  to  ordinary  wire  gauges,  they  are  notoriously 
inaccurate,  because  they  cannot  be  made  accurate  and  be  at 
all  salable. 

**  We  have  two  new  gauges  in  our  possession  that  were 
kept    in    our  offices   for   purposes    of   comparison,  and   to 
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prevent  their  wearing  they  were  not  allowed  to  go  into  the 
mills. 

**In  a  recent  case,  a  sample  under  discussion  measured 
on  one  gauge  tight  23,  and  on  the  other  light  24,  and  our 
customer  said  it  was  neither  by  his  gauge,  and  did  not  suit 
him  anyhow. 

**One  of  our  new  gauges  has  its  No.  23  so  much  larger 
than  its  No.  22  that  the  difference  can  be  easily  detected  by 
the  naked  eye;  yet  No.  23  ought  to  be  two  to  four  thou- 
sandths smaller  than  No.  22. 

**If  we  were  to  roll  No.  23  by  that  gauge,  how  would 
our  customer  get  what  he  wanted  unless  his  gauge  acci- 
dentally contained  the  same  blunder  ?  Yet  our  gauge  is  a 
new  one,  stamped  with  the  maker's  name,  and  cost  about 
six  dollars. 

**  Another  trouble  is  with  the  wearing  of  the  gauges,  for 
which  there  is  no  remedy ;  and  we  imagine  that  no  man 
ever  throws  away  a  gauge  because  it  is  worn  out.  On  the 
contrary,  it  represents  an  outlay  of  six  dollars;  he  is  used 
to  it;  he  measures  everything  by  it;  and  he  is  angry  when 
anything  does  not  measure  to  suit  it.  A  still  more  serious 
difficulty  arises  from  a  very  common  mode  of  ordering.  We 
frequently  have  orders  for  such  a  gauge.  Might  *  or  *  tight,' 
*fuir  or  'scant,*  *  heavy*  or  *easy  *;  or  such  a  number  and 
one-half,  for  instance  15^. 

**This  latter  is  terribly  confusing  to  a  roller;  he  almost 
always  takes  it  to  mean  that  it  is  to  be  thicker  than  the 
whole  number,  and  is  pretty  certain  to  make  14^  for  15^,  if 
he  is  not  warned  beforehand. 

••****  There  is  a  very  simple  way  out  of  this  whole 
snarl,  and  that  is  to  abandon  fixed  gauges  and  numbers 
altogether.  Micrometer  sheet-metal  gauges  cost  less  than 
a  common  gauge,  or  no  more.  They  measure  thousandths 
of  an  inch  very  accurately,  and  even  a  quarter  of  a  thou- 
sandth may  be  very  neatly  measured.  *  *  *  *  Qur  works 
are  fully  supplied  with  these  instruments,  and  we  urge  all 
parties  in  ordering  to  give  us  dimensions  and  not  num- 
bers.** 
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COMPARISON  OF  GAUGES. 

19,  A  comparison  of  the  four  principal  gauges  in  com- 
mon use  is  shown  in  Table  I,  and  it  will  be  noticed 
that  a  wide  difference  exists  as  to  the  relative  thickness 
of  gauge  numbers;  thus,  No.  20  by  the  United  States 
standard  gauge  is  designated  as  .0375  inch,  by  the  Brown 
&  Sharpe  gauge  as  .031961  inch,  by  the  Birmingham 
gauge  as  .035  inch,  and  by  the  Washburn  &  Moen  gauge 
as  .0348  inch.  The  need  for  specifying  the  name  of  the 
gauge  used,  or,  better  still,  to  give,  in  bills  of  material, 
all  measurements  in  decimal  parts  of  an  inch,  is  at  once 
apparent. 


GAIiVAKIZED  IRON. 

20,  It  is  generally  well  understood  that  firalvanized  Iron 
is  merely  blac|c  iron  or  steel  coated  with  zinc,  or  spelter^  as 
it  is  called  by  the  manufacturers.  The  black  sheets  are 
dipped  into  a  bath  of  the  molten  spelter  and  are  then  passed, 
while  hot,  through  squeezing  rolls  that  remove  all  superflu- 
ous metal.  The  iron  or  steel  surface  is  thus  protected  by  a 
coating  of  metal  not  readily  oxidized  when  exposed  to  the 
weather,  and,  on  this  account,  galvanized  iron  is  in  general 
use  for  a  variety  of  purposes.  All  mills  in  this  country  that 
produce  this  material  have  adopted  the  United  States  stand- 
ard gauge  for  their  uncoated  sheets,  and  it  is  customary, 
when  it  is  desired  to  ascertain  the  weight  of  the  finished 
galvanized  iron,  to  add  2^  ounces  per  square  foot  for  the 
weight  of  the  coating.  The  additional  thickness  thus  at- 
tained is  inappreciable,  and,  in  the  usual  operations  of  the 
sheet-metal  worker,  need  not  be  considered. 

In  addition  to  galvanized  iron,  black  sheets  are  coated 
with  alloys  and  sold  under  special  trade  names,  as  kala- 
mein^  ahintinuni'Coated sheets^  leaded  iron ^  etc.,  but  the  same 
gauges  and  measurements  are  used  as  in  the  case  of  the 
regular  galvanized-iron  sheets. 
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COMPARISON  or  GAUGES. 


Dimensions  in  Decimal  Parts  of  an  Inch. 

Number 

Number 

of  Gauge. 

American, 

Birmingham, 

Washburn 

of  Gauge. 

U.S  Standard. 

or 

or 

&Moen 

Brown  &Sharpe. 

Stubs. 

Mfg.  -Co. 

0000000 

.5 

.49 

0000000 

000000 

.46875 

.46 

000000 

00000 

.4375 

.43 

00000 

0000 

.40625 

.46 

.454 

.3938 

0000 

000 

.875 

.40964 

.425 

3625 

000 

00 

.34375 

.3648 

.38 

.331 

00 

0 

.3125 

.82486 

.34 

.3065 

0 

1 

.28125 

.2893 

.8 

.288 

1 

2 

.265625 

.25763 

.284 

.2625 

2 

8 

.25 

.22942 

.259 

.2437 

3 

4 

.234875 

.20431 

.238 

.2258 

4 

5 

.21875 

.18194 

.22 

.207 

5 

6 

.203125 

.16202 

.203 

.192 

6 

7 

.1875 

.14428 

.18 

.177 

7 

8 

.171875 

.12849 

.165 

.162 

8 

9 

.15625 

.11448 

.148 

.1483 

9 

10 

.140625 

.10189 

.134 

.135 

10 

11 

.125 

.090742 

.12 

.1205 

11 

12 

.109375 

.080808 

.109 

.1055 

12 

13 

.09875 

.071961 

.095 

.0915 

13 

14 

.078125 

.064084 

.083 

.08 

14 

15 

.0708125 

.057068 

.072 

.072 

15 

16 

.0625 

.05082 

.065 

.0625 

16 

17 

.05625 

045257 

.058 

.054 

17 

18 

.05 

.040303 

.049 

.0475 

18 

19 

.04375 

.08589 

.042 

.041 

19 

20 

.0375 

.031961 

.035 

.0348 

20 

21 

.034375 

.028462 

.032 

.03175 

21 

22 

.03125 

.025347 

.028 

.0286 

22 

28 

.028125 

.022571 

.02,5 

.0258 

23 

24 

.025 

.0201 

.022 

.023 

24 

25 

.021875 

.0179 

.02 

.0204 

25 

26 

.01875 

.01594 

.018 

.0181 

26 

27 

.0171875 

.014195 

.016 

.0173 

27 

28 

.015625 

.012641 

.014 

.0162 

28 

29 

.0140625 

.011257 

.013 

.015 

29 

80 

.0125 

.010025  ■ 

.012 

.014 

30 

31 

.0109375  . 

.008928 

.01 

.0132 

31 

82 

.01015625 

.00795 

.009 

.0128 

32 

38 

.009375 

.00708 

.008 

.0118 

83 

34 

.00859875 

.006304 

.007 

.0104 

34 

35 

.0078125 

.005614 

.005 

.0095 

35 

36 

.00703125 

.005 

.004 

.009 

36 

37 

.006640625 

.004453 

.0085 

37 

38 

.00625 

.003965 

.008 

38 

39 

.003531 

.0075 

39 

40 

.003144 

.007 

40 
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TABIiE  II. 


UNITED  STATES  STANDARD  GAUGE. 


Thickness. 

Weight. 

Number  of 
Gauge. 

Fractional 

Decimal  Parts 

PerSq.  Ft. 

Per  Sq.  Ft. 

Parts  of  an 

of  an  Inch 

in  Ounces 

m  Pounds. 

Inch  (appro X.). 

(approx.). 

(avoir.). 

(avoir.). 

0000000 

i 

.6 

820 

20. 

000000 

.46875 

800 

18.75 

00000 

j[ 

.4375 

280 

17.5 

0000 

.40625 

260 

16.25 

000 

1 

.375 

240 

15. 

00 

H 

.84875 

220 

18.75 

0 

A 

.3125 

200 

12.5 

1 

ft 

.28125 

180 

11.25 

2 

.265625 

170 

10.625 

8 

i 

.25 

160 

10. 

4 

H 

.284375 

150 

9.875 

5 

J! 

.21875 

140 

8.75 

6 

.208125 

180 

8.125 

7 

ft 

.1875 

120 

7.5 

8 

.171875 

110 

6.875 

9 

A 

.15625 

100 

6.25 

10 

S 

.140625 

90 

5.625 

11 

i 

.125 

80 

5. 

12 

A 

.109875 

70 

4.875 

13 

A 

.09875 

60 

8.75 

14 

^ 

.078125 

50 

8.125 

15 

.0703125 

45 

2.8125 

16 

.0625 

40 

2.5 

17 

^ 

.05625 

86 

2.25 

18 

.05 

82 

2. 

19 

xtxr 

.04875 

28 

1.75 

20 

JL 

.0875 

24 

1.5 

21 

JuL 

.034375    ■ 

22 

1.875 

22 

Ji^ 

.03125 

20 

1.25 

23 

w 

.028125 

18 

1.125 

24 

.025 

16 

1. 

25 

^ 

.021875 

14 

.875 

26 

.01875 

12 

.75 

27 

^ 

.0171875 

11 

.6875 

28 

.015625 

10 

.625 

29 

t 

.0140625 

9 

.5625 

80 

.0125 

8 

.5 

31 

^ 

.0109375 

7 

.4875 

32 

tIhu 

.01015625 

6i 

.40625 

33 

X 

.009375 

6 

.875 

84 

T«1f 

.00859375 

5i 

.84375 

85 

TflT 

.0078125 

5 

.3125 

36 

.00703125 

M 

.28125 

37 

¥ti  U 

.006640625 

H 

.265625 

.   38 

t"/ 

.00625 

4 

.25 

Note.— For  the  purpose  of  securin^i:  uniformity  of  gauge  throughout  the  United 
States  Congress,  on  March  3,  1893,  adopted  the  above  as  the  Legal  Standard  for 
determining  the  thickness  of  uncuated  iron  and  steel  sheets,  allowing  a  variation 
of  9}  per  cent.,  either  above  or  below,  for  practical  use  and  application. 
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SHEET  COPPER. 

21,  Unlike  most  other  metals,  the  various  weights  of 
sheet  copper  are  designated  by  the  number  of  ounces  con- 
tained in  a  square  foot  of  the  sheet;  thus,  16-ounce  copper 
is  of  such  thickness  that  a  square  foot  weighs  16  ounces. 

It  should  be  stated,  however,  that  weights  heavier  than 
64  ounces  are  customarily  designated  by  the  number  of 
pounds  contained  in  a  sheet  30  inches  by  60  inches;  thus, 
a  30'  X  60'  sheet  of  64-ounce  copper  weighs  50  pounds, 
and,  in  trade  parlance,  is  known  as  a  50-pound  sheet,  the 
size  (30*  X  60')  being  understood.  Any  desired  size  and 
any  required  weight  may  be  obtained  from  the  sheet  mills, 
but  such  heavy  gauges  are  always  referred  to  the  standard 
size  for  their  trade  designation.  Both  hard,  or  cold-rolled, 
copper  and  soft,  or  hot-rolled,  copper  are  known  by  the 
same  standard. 

The  manufacturers  of  sheet  copper  have,  in  late  years, 
adopted  a  uniform  scale  of  prices  for  their  sheets.  These 
prices  are  arranged  so  that  there  is  no  change  within  the 
limits  of  certain  sizes.  Lists  of  such  sizes,  together  with 
the  prices,  are  issued  by  the  manufacturers  at  frequent  in- 
tervals, according  to  the  fluctuations  of  the  market;  a  copy 
of  such  list  should  be  in  the  possession  of  every  patterncut- 
ter,  in  order  that  he  may  so  plan  his  work  as  to  use  the 
lower-priced  sizes  wherever  possible. 

Table  III  gives  the  nearest  United  States  standard  gauge 
number  for  the  weights  commonly  used,  together  with  the 
thickness  in  decimal  parts  of  an  inch. 


SHEET  ZINC. 

22,  Sheet  zinc  is  rolled  to  an  arbitrary  gauge  adopted 
by  the  firms  controlling  its  manufacture.  Little  need  be 
said  concerning  the  zinc  gauge,  except  that  its  existence 
affords  still  another  argument  in  favor  of  the  adoption  of 
the  decimal  system  of  designating  all  sheet  metals. 
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TABIii:   III. 


APPROXIMATJS  GAUGE  NUMBERS  FOR  COPPER. 

Ounces 

per 
Sq.  Ft. 

U.  S.  Gauge 
Number 
(approx.). 

Thickness. 
Inch. 

Ounces 

per 
Sq.  Ft. 

U.  S.  Gauge 
Number 
(approx.). 

Thickness. 
Inch. 

5 

38 

.00685 

28 

20 

.03835 

6 

35 

.00821 

30 

19 

.0412 

7 

33 

.00968 

32 

19 

.0438 

8 

31 

.01096 

34 

18 

.0465 

9 

30 

.01232 

36 

18 

.0494 

10 

29 

.01370 

40 

17 

.0549 

11 

28 

.01647 

44 

16 

.0604 

12 

27 

.01643 

48 

15 

.0668 

13 

26 

.01780 

52 

15 

.0712 

14 

26 

.01917 

56 

14 

.0767 

15 

25 

.02052 

60 

14 

.0822 

16 

25 

.02185 

64 

13 

.0876 

18 

24 

.02465 

72 

12 

.0984 

20 

23 

.02748 

80 

12 

.1095 

22 

22 

.03015 

88 

11 

.1205 

24 

22 

.03290 

96 

10 

.1315 

26 

21 

.03551 

Remark. — To  find  the  thickness  and  gauge  of  additional  weights, 
multiply  the  number  of  ounces  per  square  foot  by  .00186848;  the  result 
is  the  thickness  in  decimal  parts  of  an  inch,  and  by  comparison  with 
that  column  in  the  table  of  United  States  standard  gauge,  the  corre- 
sponding number  may  be  found.  As  in  the  case  of  other  metals, 
decimal  parts  of  an  inch  are  preferably  stated  when  bills  of  material 
are  drawn  by  the  draftsman. 


RUSSIA  SHEET  IRON. 

23.  Russia  sheet  Iron  was  formerly  exclusively  used  for 
locomotive  jackets,  stove  bodies,  etc.,  and  as  it  was  imported 
from  Russia  it  was  natural  that  the  foreign  gauge  numbers 

A     IL—IS 


Digitized  by  VjOOQIC 


24 


PRACTICAL  PATTERN  PROBLEMS. 


§17 


by  which  it  was  rolled  should  be  used  here  to  designate  the 
various  thicknesses.  Planished  iron  and  steel  is  now  made 
by  American  manufacturers;  it  is  superior  in  tensile  strength 
and  fully  as  finely  finished  as  the  imported  sheet,  although 

TABLE  IV. 


GAUGES  AND  WEIGHTS  OF  SHEET  ALUMINUM. 


No. 

B.  &  S.  Gauge. 

Decimal  Parts 

of  an  Inch. 

Weight  per 

Square  Foot 

Aluminum. 

Pounds. 

No. 

B.  &  S.  Gauge. 

Decimal  Parts 

of  an  Inch. 

Weight  per 

Square  Foot 

Aluminum. 

Pounds. 

0000 

.46 

6.406 

20 

.032 

.445 

000 

.41 

5.704 

21 

.028 

.396 

00 

.365 

5.08 

1    22 

.025 

.353 

0 

.325 

4.524 

23 

.023 

.314 

1 

.289 

4.029 

24 

.02 

.28 

2 

.258 

3.588 

25 

.018 

.249 

3 

.229 

3.195 

26 

.016 

.222 

4 

.204 

2.845 

27 

.014 

.197 

5 

.182 

2.534 

28 

.013 

.176 

6 

.162 

2.256 

29 

.011 

.157 

7 

.144 

2.009 

30 

.01 

.14 

8 

.128 

1.789 

31 

.009 

.124 

9 

.114 

1.594 

32 

.00795 

.1107 

10 

.102 

1.418 

33 

.00708 

.0985 

11 

.091 

1.264 

34 

.0063 

.0877 

12 

.081 

1.126 

.    35 

.0056 

.0782 

13 

.072 

1.002 

36 

.005 

.0696 

14 

.064 

.892 

37 

.00445 

.062 

15 

.057 

.795 

38 

.00396 

.0552 

16 

.051 

.708 

39 

.00353 

.0491 

17 

.045 

.63 

40 

.00314 

.0438 

18 

.04 

.501 

41 

.0028 

19 

.036 

.5 

42 

.00249 
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for  certain  purposes  there  is  a  sufficient  demand  for  Russia 
iron  to  warrant  jobbers  in  handling  this  product. 

TABIiE   V. 


IliUNOIS  ZINC  COMPANY'S  STANDARD  GAUGE. 


Gauge 
Number. 

Weight  Per 

Square  Foot. 

Pounds. 

Thickness. 
Inch. 

U.  S.  Gauge 
Number 
(approx.). 

I 

.07 

.00186 

a 

.15 

.004 

3 

.22 

.00587 

38 

4 

.30 

.008 

36 

5 

.37 

.011 

32 

S 

.45 

.012 

30 

7 

.52 

.014 

29 

8 

.60 

.016 

28 

9 

.67 

.018 

26 

10 

.75 

.020 

25 

11 

.90 

.024 

24 

12 

1.05 

.028 

23 

13 

1.20 

.032 

22 

14 

1.35 

.036 

20 

15 

1.50 

.040 

19 

16 

1.68 

.045 

19 

17 

1.87 

.050 

18 

18 

2.06 

.055 

17 

19 

2.25 

.060 

16 

20 

2.62 

.070 

15 

21 

3.00 

.080 

14 

22 

3.37 

.090 

13 

23 

3.75 

.100 

12 

24 

4.70 

.125 

11 

25 

9.40 

.250 

3 

26 

14.00 

.375 

00 
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The  table  here  given  applies  only  to  the  genuine  Russia 
iron,  as  locomotive-jacket  iron,  planished  iron,  and  steel  of 
American  manufacture  are  gauged  by  the  United  States 
standard  gauge. 

TABIiE  VI. 


APPROXIMATE  GAUGE  NUMBER  FOR  RUSSIA  SHEET  IRON. 


Russian 
Gauge  Number. 

U.  S.  Gauge 
Number 
(approx.). 

Weight  per 

Sheet  (28"  XM'). 

Pounds. 

16 

21 

14* 

13 

23 

12 

12 

24 

11 

11 

25 

10 

10 

26 

9 

9 

27 

8 

8 

28 

n 

TIN  PISTES. 

24,  Many  conflicting  terms  are  used  with  reference  to 
tin  plates,  or  s/ieet  tin^  as  it  is  usually,  though  erroneously, 
called,  and  few — even  among  the  **  fraternity  " — are  aware 
of  the  correct  meaning  of  the  various  names  made  use  of  by 
manufacturers  and  jobbers.  Cokes,  charcoals,  and  ternes 
are  referred  to  indiscriminately,  although  roofing  plates  are 
now  generally  understood  when  ternes  are  designated. 
Bright  plates  are  sheets  of  steel,  or,  as  called  by  the  manu- 
facturers, black  plates,  coated  with  pure  tin,..while  the  coat- 
ing of  the  steel  sheet  in  the  case  of  ternes  is  an  alloy  of  tin 
and  lead.  As  ternes  are  used  principally  for  roofing  pur- 
poses, they  are  now  generally  known  by  the  term  roofing 
plate. 

Formerly,  iron  was  used  in  place  of  steel  for  the  manu- 
facture of  the  black  plate,  and  since  there  were  two  distinct 
grades  of   sheet   iron — called,  respectively,    coke  iron   and 
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charcoal  iron^  according  as  coke  or  charcoal  was  used  for  fuel 
in  the  furnaces — so  two  grades  of-  bright  and  terne  plates 
were  known  in  the  tra4e.  Coke  iron  was  used  for  the 
cheaper  plates,  and  was  known  to  be  more  brittle  than  the 
more  expensive  charcoal  plates.  For  the  past  ten  years  or 
more,  steel  sheets  have  been  used  exclusively  in  the  manu- 
facture of  tin  plates,  and  the  terms  coke  and  charcoal  have 
come  to  mean  simply  a  difference  in  the  amount  of  coating 
received  by  the  black  plate. 

Bessemer  steel  is  ordinarily  supplied  by  the  manufac- 
turers, but  when  a  plate  of  greater  tensile  strength  is 
required,  open-hearth  steel  may  be  had  at  a  slight  advance 
in  cost.  Many  different  weights  of  coating  are  furnished  by 
the  manufacturers,  from  an  ordinary  bright  coke  plate, 
or  J.  B.  grade,  at  2^  pounds  per  box  of  112  sheets  of  stand- 
ard size  plates  (14*'  X  20'),  up  to  the  best  charcoal  coating, 
which  is  6  pounds  to  the  same  size  box. 

The  old  Welsh  names  have  been  retained  to  indicate  the 
amount  of  coating  in  the  so-called  charcoal  grades.  Thus, 
a  3-pound  coating  is  called  an  Allaway  finish,  or  grade;  a 
4-pound  coating,  Melyn ;  and  a  5-pound  coating  is  termed 
Calland  grade.  In  addition  to  these  regular  weights,  the 
manufacturers  furnish  bright  plates  at  special  order  with 
any  desired  coating  in  even  pounds  or  half  pounds,  up  to 
and  including  6  pounds  per  box. 

Terne  plates,  on  account  of  their  exposure  to  the  action 
of  the  elements,  are  coated  more  heavily  than  bright  plates. 
The  lightest  weight,  or  coke  coating,  for  ternes  is  4  pounds 
to  the  box,  and  various  grades  are  manufactured  between 
that  weight  and  the  best  charcoal  coating  of  20  pounds  per 
box.  The  standard  box  of  tin  plates  consists  of  112  sheets 
(14'  X  20'),  and  this  size  is  considered  a  basis  by  manufac- 
turers when  quoting  prices.  A  net  weight  per  box  of 
108  pounds  is  now  considered  a  full-weight  **IC"  plate; 
100  pounds  is  the  next  grade  lighter,  sometimes  desig- 
nated **ICL";  still  lighter  plates  are  also  furnished  for 
special  purposes  of  manufacture,  graded  from  5  pounds  per 
box  down  to  about  65  pounds  net  weight. 
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A  very  thin  plate,  called  Taggers'  tin,  is  also  furnished, 
and  the  usual  gauges  are.  Nos.  36,  38,  and  40.  Taggers*  tin 
is  differently  packed;   the  standard  weight  is   112  pounds 


TABIiE   VII. 


STANDARD  WEIGHTS,  GAUGES,  AND   SIZES  OP  TIN  PLATES. 


Size 

Sheets 

U  S.  Gaugre 

Net  Weight 

Inches. 

Trade  Title. 

per  Box. 

Number 
(approx.). 

per  Box. 
Pounds. 

14    X20 

ICL 

112 

31 

100  and  hghter 

14    X20 

IC 

112 

30 

108  or  107 

14    X20 

IXL 

112 

29 

128 

14    X20 

IX 

112 

28 

135  or  136 

14    X20 

IXX 

112 

27 

156 

14    X20 

IXXX 

112 

26 

176 

14  xao 

IXXXX 

112 

25 

196 

12i  X  17 

DC  (=  IX) 

100 

28 

94 

12iXl7 

DX  (=  IXXX) 

100 

25 

122 

12iXl7 

DXX  (=  ixxxxx) 

100 

24 

142 

12iXl7 

DXXX  (=  ixxxxxx) 

100 

23 

162 

12i  X  17 

DXXXX  (=  ixxxxxxx) 

100 

22 

182 

TABIiE    VIII. 


WEIGHT  PER  SQUARE  FOOT  OP  BOILER-PIiATE  IRON. 


Thickness. 

Weight. 

Thickness. 

Weight. 

Thickness 

Weight. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

i. 

20.0 

iiV 

42.5 

lA 

62.5 

A 

22.5 

H 

45.0 

li 

65.0 

* 

25.0 

lA 

47.5 

iH 

67.5 

H 

27.5 

U 

50.0 

If 

70.0 

f 

30.0 

lA 

52.5 

iH 

72.5 

« 

32.5 

1| 

55.0 

ij 

75.0 

* 

35.0 

lA 

57.5 

i« 

77.5 

« 

37.5 

U 

60.0 

2 

80.0 

1 

40.0 
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per  box,  and  a  sufficient  number  of  sheets  are  added  to 
bring  the  weight  up  to  this  standard;  thus,  a  box  of 
No.  36  gauge  Taggers'  tin  weighs  112  pounds  and  contains 
180  sheets  (14*'  X  20').  No.  38  gauge  is  the  same  net  weight 
per  box,  but  contains  225  sheets,  etc. 

Table  VII  contains  the  regular  sizes,  with  approximate 
gauge  numbers  and  net  weights. 


SHEET  liEAD  AND  SHEET  TIN. 

2S.  Sheet  lead  and  slieet  tin  are  used  for  a  variety  of 
purposes,  one  of  the  principal  uses  being  for  tank  linings. 
The  sheet  tin  here  referred  to  is  the  pure  sheet  metal,  and  is 
not  to  be  confounded  with  the  tin-coated  iron  plates  that 
are  usually  referred  to  as  sheet  tin,  the  latter  being  an 
erroneous  term. 


TABIiB  rX. 


TABIiE   X. 


WEIGHT  AND  THICKNESS  OF 
SHEET    LEAD. 


Weight 

per  Square 

Foot. 

Pounds. 

Thickness. 

Fractional 

Parts  of  an 

Inch. 

Thickness. 

Decimal 

Parts  of  an 

Inch. 

1. 

^ 

.015625 

1.5 

A 

.0233 

2. 

1^ 

.03125 

2.5 

^ 

.041625 

3. 

w 

.046875 

4. 

iV 

.0625 

5. 

A 

.078125 

6. 

A 

.09375 

8. 

i 

.125 

16. 

i 

.25 

32. 

i 

.5 

WEIGHT  AND  THICKNESS  OF 
SHEET    TIN. 


Weight    jThickness.  Thickness, 
per  Square  Fractional     Decimal 


Foot. 

Parts  of  an 

Parts  of  an 

Pounds. 

Inch. 

Inch. 

1. 

iV 

.025 

1.5 

^ 

.037 

2. 

^ 

.05 

2.5 

tV 

.0625 

3. 

tV 

.0769 

3.5 

tV 

.0909 

4. 

tV 

.1 

4.5 

i 

.1111 

6. 

i 

.125 

10. 

i 

.25 

20. 

i 

.5 
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TABI.E  XI. 


SIZES,  WEIGHTS,  AND  LENGTHS  OF  IRON  WIRE.* 


Number  of 

Number  of 

Number  of 

Washburn 

Diameter. 

Weieht 
1(H)  Feet. 

Weight 
One^Mile. 

Feet  in 

Feet  in 

&  Moen's 
Wire 

Decimal 
Parts  of  an 

One  Bundle 
of 

One  Ton 
of 

Gauge. 

Inch. 

Pounds. 

Pounds. 

63  Pounds. 

2,000  Pounds. 

0000000 

.49 

63.63 

8,360. 

99 

3,143 

000000 

.46 

56.10 

2,962. 

112 

3,565 

00000 

.48 

49.01 

2,588. 

129 

4,081 

0000 

.3938 

40.94 

2,162. 

154 

4,885 

000 

.8625 

34.73 

1,884. 

181 

5,759 

00 

.331 

29.04 

1,533. 

217 

6,886 

0 

.3065 

27.66 

1,460. 

228 

7,230 

1 

.283 

21.28 

1,121. 

296 

9,425 

2 

.2625 

18.84 

968. 

848 

10,905 

3 

.2437 

15.78 

833. 

899 

12.674 

4 

.2258 

13.39 

707. 

470 

14,986 

5 

.207 

11.35 

599. 

555 

17,621 

6 

.192 

9.73 

514. 

647 

20,555 

7 

.177 

8.03 

489. 

759 

24,906 

8 

.162 

6.96 

367. 

905 

28,784 

9 

.1483 

5.08 

806. 

1,086 

34,483 

10 

.185 

4.83 

255. 

1,304 

41,408 

11 

.1205 

3.82 

202. 

1,649 

52,856 

12 

.1055 

2.92 

154. 

2,158 

68,498 

18 

.0915 

2.24 

118. 

2,818 

89,286 

14 

.08 

1.69 

89. 

8.728 

118,343 

15 

.072 

1.37 

72. 

4.598 

145,985 

16 

.0625 

1.05 

55. 

6,000 

190,476 

17 

.054 

.77 

41. 

8,182 

259,740 

18 

.0475 

.58 

81. 

10,862 

344.827 

19 

.041 

.45 

24. 

14,000 

444,444 

20 

.0348 

.32 

17. 

19,687 

625,000 

21 

.03175 

.27 

14. 

28,333 

740,741 

22 

.0286 

.21 

11. 

30,000 

952,881 

28 

.0258 

.175 

9.24 

36,000 

1,142,856 

24 

.023 

.14 

7.39 

45,000 

1,428,570 

26 

0204 

.116 

6.124 

54,310 

1,724,125 

26 

.0181 

.093 

4.91 

67,742 

2,150,537 

27 

.0173 

.083 

4.382 

75,903 

2,409,616 

28 

.0162 

.074 

3.907 

85,135 

2,702,695 

29 

.015 

.061 

3.22 

103,278 

3,278,663 

80 

.014 

.054 

2.851 

116,666 

3,768,678 

31 

.0132 

.05 

2.64 

126,000 

8,999,996 

82 

.0128 

.046 

2.428 

136,956 

4,347,805 

33 

.0118 

.037 

1.958 

170,270 

5,405,391 

34 

.0104 

.03 

1.584 

210,000 

6.666,660 

35 

.0095 

.025 

1.32 

252,000 

7,999.992 

86 

.009 

.021 

1.161 

286,863 

9,090,879 

87 

.0085 

.0188 

1.04 

38 

.008 

.0169 

.935 

39 

.0075 

.0187 

.755 

40 

.007 

.0119 

.659 

*  Washburn  &  Moen's  gauge  the  standard. 
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TABIiE    XIII. 


WEIGHT  OF  ROUXD  AND  SQUARE  ROLUED  IRON. 


Side  or 
Diameter. 

Weight. 
Pounds  per  Foot. 

Side  or 

Diameter. 

Inches. 

Weight. 
Pounds  per  Foot. 

Inches. 

Round. 

Square. 

Round. 

Square. 

i 

.041 

..053 

4i 

45.174 

57.517 

i 

.165 

.211 

4i 

47.952 

6L055 

f 

.373 

.475 

4| 

50.815 

64.700 

i 

.663 

.845 

4i 

53.760  ' 

68.448 

f 

1.043 

1.320 

H 

56.788 

72.305 

t 

1.493 

1.901 

^ 

59.900 

76.264 

i 

2.032 

2.588 

H 

62.220 

80.333 

1 

2.654 

3.380 

5 

66.350 

84.480 

H 

3.359 

4.278 

5^ 

69.731 

88.784 

U 

4.147 

5.280 

6i 

73.172 

93.168 

If 

5.019 

6.390 

5f 

76.700 

97.657 

H 

5.972 

7.604 

5i 

80.304 

102.240 

U 

7.010 

8.926 

5f 

84.001 

106.953 

U 

8.128 

10.352 

5f 

87.776 

111.756 

U 

9.333 

11.883 

5* 

91.290 

116.671 

2 

10.616 

13.520 

6 

95.552 

121.664 

2i 

11.988 

15.263 

6i 

103.704 

132.040 

2i 

13.440 

17.112 

H 

112.160 

142.816 

2f 

14.975 

19.066 

6* 

120.960 

154.012 

2i 

16.588 

21.120 

7 

130.048 

165.632 

21 

18.293 

23.292 

U 

139.544 

177.672 

2* 

20.076 

25.560 

n 

149.328 

190.186 

21 

21.944 

27.939 

7* 

159.456 

203.024 

3 

23.888 

30.416 

8 

169.856 

216.336 

3i 

25.926 

33.010 

Si 

180.696 

230.068 

3i 

28.040 

35.704 

8i 

191.808 

244.220 

»f 

30.240 

38.503 

8* 

203.260 

258.800    • 

3i 

32.512 

41.408 

9 

215.040 

273.792 

3i 

34.886 

44.418 

H 

227.152 

289.220 

31 

37.332 

47.534 

n 

239.600 

305.056 

3| 

39.864 

50.756 

9t 

252.376 

321.330  . 

4 

42.464 

54.084 

10 

265.400 

327.920 
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Both  of  these  metals,  when  rolled  into  sheets,  are  desig- 
nated by  the  weight  in  pounds  per  square  foot;  thus,  4-pound 
sheet  lead,  which  is  perhaps  the  weight  most  used,  is  of  such 
thickness  that  a  square  foot  of  the  sheet  weighs  4  pounds. 
Since  tin  is  the  lighter,  sheets  of  that  metal  are  thicker  than 
lead  sheets  of  corresponding  weight. 

The  manufacturers  of  these  sheets  supply  the  product  in 
rolls  of  various  width,  up  to  and  including  9  feet  wide.  The 
lighter-weight  sheets  and  the  widths  between  12  inches 
and  3 J  feet  are  usually  put  up  in  boxed  rolls  containing  50, 
100,  or  150  pounds.  Sheets  12  inches  wide  and  narrower, 
of  such  weights  as  are  usually  required  for  press  operations, 
are  put  on  reels  containing  from  100  to  250  pounds  of  the 
metal,  and  will  be  found  much  more  convenient  to  handle 
than  the  large  sheets  carried  in  stock  by  the  jobbers. 


ROUGH    ANJy    BIBBED    SKYUGHT    GliASS. 

26.  The  following  table  will  be  found  useful  when  com- 
puting the  loads  on  skylight  bars  and  their  sustaining 
trusses.  The  glass  made  by  different  manufacturers  varies 
somewhat  in  thickness,  so  that  some  allowance  is  necessary 
in  certain  cases,  but  for  general  use  the  figures  given  be- 
low will  be  found  satisfactory. 

TABIiE   XIT. 


WEIGHT    OF    OL.ASS. 


Thickness. 
Inch. 

Weight  per  Sq.  Ft. 

(approx.). 

Pounds. 

Thickness. 
Inch. 

Weight  per  Sq.  Ft. 

(approx.). 

Pounds. 

i 

i 
f 

1.6 

.     2.6 

3.5 

4.75 

i 

1 

6 

9 

12 
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SPECIFIC    GRAVITY    AND    WEIGHTS    OF    VARIOUS 

METAIiS. 

27.  The  table  on  the  following  page  gives  the  specific 
gravity  of  various  metals  together  with  the  weight  of  a 
cubic  inch  of  the  metal.  The  numbers  in  the  column  of 
weights  were  calculated  by  multiplying  the  weight  of  a 
cubic  foot  of  water  at  G2°  F.  (that  is,  62.355  pounds)  by  the 
specific  gravity  of  the  substance  and  dividing  the  product 
by  1728,  the  number  of  cubic  inches  in  one  cubic  foot.  By 
the  aid  of  this  table,  the  weight  of  any  sheet  metal,  or  of  a 
quantity  of  the  metal  in  solid  form,  may  be  readily  found. 
It  is  necessary  to  find  the  number  of  cubic  inches  contained 
in  any  given  quantity  and  multiply  this  amount  by  the 
figures  appearing  in  the  column  of  weights,  or,  knowing 
the  weight  of  a  certain  amount  of  metal,  the  weight  of  a 
similar  amount  of  another  metal  may  be  found  by  propor- 
tion, by  the  aid  of  the  figures  in  the  column  of  specific  gravi- 
ties. For  example,  a  vessel  made  of  sheet  copper  weighs 
18  ounces,  and  it  is  desired  to  find  the  weight  of  a  similar 
article  when  made  of  silver;  the  specific  gravity  of  sheet 
copper  is  found  to  be  8.9,  and  that  of  sheet  silver  10.51; 
then,  by  proportion,  8.9  is  to  10.51  as  18  is  to  the  weight 
of  silver.  Multiplying  the  means,  we  have  10.51  X  18 
=  189.18;  then,  dividing  by  one  extreme  gives  the  other 
extreme,  or  189.18 -r- 8.9  =  21.3  ounces,  the  weight  of  the 
vessel  when  made  of  silver. 


rSTRODUCTION  TO  PROBLEMS. 

28,  General  Statement. — In  order  that  the  sixty  prac- 
tical pattern  problems  that  are  given  in  this  Course  may  be 
studied  systematically,  they  have  been  divided  into  three 
groups  of  twenty  problems  each.  This  section  contains  the 
problems  of  the  first  group,  which  consists  of  practical  ex- 
amples chosen  mainly  for  the  reason  that  they  represent 
typical  situations  likely  to  be  encountered  by  the  *' bench" 
hands  of  a  sheet-metal-working  establishment.  In  other 
words,  the  articles  represented  are  those  usually  classed  as 
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TABIiTS   XV. 


SPECIFIC  GRAVITY  AND  WEIGHTS  OF  VARIOUS  METALS. 


Names  of  Substances. 


Specific 
Gravity. 


Weight 
per  Cubic 
Inch  (Lb.). 


Aluminum,  sheet 

Aluminum,  cast 

Antimony 

Arsenic 

Bismuth 

Brass: 

Copper  76,  zinc  25,  sheet. . 

Copper  75,  zinc  25,  cast. . . 
Bronze: 

Gun  metal 

Ordinary 

Tobin 

Calcium 

Cobalt 

Copper,  sheet 

Copper,  cast 

Gold,  sheet 

Gold,  cast 

Iridium,  hammered 

Iron,  sheet 

Iron,  cast 

Lead,  sheet 

Lead,  cast 

Mercury  at  60°  temperature 

Nickel,  sheet 

Nickel,  cast 

Platinum,  sheet 

Silver,  sheet 

Silver,  cast 

Steel,  sheet 

Steel,  cast 

Tin,  sheet 

Tin,  cast 

Tungsten 

Zinc,  sheet 

Zinc,  cast  (or  spelter) 


2 
6. 
5. 
9 

8. 
8. 

8. 

8. 

8. 

1. 

8. 

8. 

8. 
19. 
19. 
28. 

7. 

7. 
11. 
11. 
13. 

8. 

8. 
22 
10 
10 

7 

7 

7 

7 
17 

7 

6 


67 
56 

71 
76 

82 

45 

1 

75 

21 

38 

58 

6 

9 

7 


704 
.207 
.388 
.352 
.57 
,8 
,28 
07 
51 
47 
8 

.84 
4 
,29 

19 

M 


.096 
.092 
.242 
.208 
.354 

.805 


.816 
.296 
.802 
.057 
.310 
.321 
.314 
.699 
.695 
.880 
.278 
.260 
.411 
.410 
.490 
.318 
.299 
.796 
.379 
.378 
.282 
.288 
.267 
.263 
.613 
.260 
.248 
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tinware,  or  house-furnishing  goods.  While  it  is  true  that 
these  problems  refer  particularly  to  the  work  of  the  tinsmith, 
they  are  equally  deserving  of  study  by  the  artisans  of  allied 
industries,  for  their  principles  are  capable  of  wide  applica- 
tion, and  may,  therefore,  be  adapted  to  many  other  cases  of 
development. 

29«     IIow  the  Examples  Have  Been  Selected, — As  far 

as  possible,  an  actual  trade  object  forms  the  subject  of  each 
problem,  and  the  sizes  and  dimensions  to  be  worked  out  are 
conformed  to  proportions  established  in  good  practice.  In 
the  construction  of  the  projection  drawings,  therefore,  the 
student  will  derive  much  benefit,  not  only  from  the  practice 
afforded,  but  in  the  fundamental  principles  of  design  as  ap- 
plied to  the  sheet-metal  worker's  trade.  These  problems  are 
intended  to  equip  the  student  for  taking  full  charge  of  a 
shop  or  for  producing  working  drawings  and  patterns.  No 
work  is  introduced  that  is  not  liable  to  arise  in  the  course  of 
his  experience  as  a  sheet-metal  pattern  draftsman. 

The  problems  have  been  selected  with  the  purpose  in  view 
of  furnishing  the  student  with  an  opportunity  to  apply  the 
fundamental  principles  in  a  variety  of  ways,  and  the  follow- 
ing pages  will  be  found  full  of  suggestions  that  the  ingenious 
draftsman  will  be  able  to  convert  and  adapt  to  any  other 
requirement  liable  to  arise  in  his  experience.  The  student 
that  applies  himself  to  a  careful  and  persistent  study  of  the 
several  methods,  as  shown  in  their  adaptation  to  the  various 
problems,  will  then  be  able  to  produce,  without  difficulty, 
any  pattern  he  may  desire.  Full  and  complete  explanations 
are  given  of  the  reason  for  the  adoption  of  each  particular 
method,  and  if  these  are  thoroughly  mastered,  the  student 
will  soon  become  skilful  in  solving  any  problem.  The  drafts- 
man must  possess,  too,  a  ready  imagination  in  order  to  con- 
ceive correctly  the  true  position  and  relation  of  the  parts  of 
a  given  article.  If  he  has  the  ability  to  do  this,  he  can  then 
proceed  by  the  simple  process  of  deduction,  and,  guided  by 
his  knowledge  of  projection  drawing,  can  accomplish  his 
object  with  facility  and  confidence. 
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30.  Use  of  Establlslied  Principles. — The  principles  of 
construction  previously  introduced  in  Practical  Projection 
and  in  Development  of  Surf  aces  form  the  entire  basis  for  the 
solutions  of  the  problems  herein  contained.  Occasional 
deviations  will  be  found,  but  in  every  such  case  the  student 
should  note  that  the  change  of  method  and  its  relations  to 
principles  already  explained  are  pointed  out.  The  plates 
drawn  by  the  student  in  connection  with  the  two  preceding 
subjects  will  now  have  an  increased  value  to  him,  for  he  will 
be  able  to  trace  in  them  many  of  the  operations  that  he  is 
now  required  to  perform.  Plates  drawn  by  the  student, 
which  have  been  corrected  and  returned  to  him,  possess  a 
value  for  reference  that  cannot  be  overestimated;  they  are 
vastly  more  valuable  to  him  than  the  printed  plates  sent  out 
by  the  Schools.  If  he  has  preserved  these  plates,  properly 
inked  in,  he  has,  within  easy  reach,  principles  of  inestimable 
value  in  practical  work. 

31*  Difficulties  Encountered  by  tlie  Pattern  Drafts- 
man.— There  is  perhaps  no  field  of  work  that  presents 
situations  so  varied  and  puzzling  to  the  draftsman  as  the 
sheet-metal-working  trades.  In  nearly  every  branch  of  this 
industry,  a  large  proportion  of  the  daily  work  consists  of 
special  cases  that  may  or  may  not  be  encountered  in  the 
same  form  a  second  time.  While  it  is  true — as  the  student 
has  already  seen  in  Development  of  Surfaces — that  the  same 
general  principles  are  used  in  the  development  of  nearly  all 
solids,  yet  the  necessary  operations  are  not  always  readily 
apparent.  The  drawings,  therefore,  may  require  some  study 
on  the  part  of  the  draftsman  before  he  will  be  able  to  deter- 
mine the  exact  course  to  pursue.  But  a  thorough  mastery 
of  principles,  with  judgment  and  skill  in  applying  them,  will 
enable  the  student  to  cope  with  difficulties  that  appear  in- 
surmountable to  one  unskilled  in  the  art  of  sheet-metal 
pattern  drafting. 

32«  Ho^w  the  Problems  Are  to  be  Studied. — The  prob- 
lems should  be  taken  in  regular  order  and  drawings  con- 
structed  as   called   for  by   the  text.     These  drawings  are 
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intended  for  practice  only,  and  are  not  to  be  sent  to  the 
Schools  for  correction.  They  should  be  drawn  on  detail 
paper  of  convenient  size  and  in  accordance  with  the  dimen- 
sions given.  Read  over  the  text  carefully  before  beginning 
to  draw,  in  order  that  the  entire  scope  of  the  problem  may 
be  well  understood.  Should  difficulties  be  encountered  in 
the  construction  of  any  of  the  drawrngs,  do  not  hesitate  to 
make  use  of  the  information  blanks,  and,  if  necessary,  send 
in  your  work  in  order  that  we  may  render  such  assistance  as 
is  required.  In  selecting  paper  on  which  to  make  these 
drawings,  choose  such  as  will  stand  erasures  without  rough- 
ening. Paper  as  thin  as  practicable  should  be  procured  in 
order  to  save  postage  on  drawings  that  the  student  must 
send  to  the  Schools. 

At  the  end  of  this  section  will  be  found  specifications  and 
full  instructions  for  drawing  an  examination  plate.  It  should 
be  noted  that  no  principles  are  called  for  by  the  examination 
problem  that  are  not  completely  illustrated  in  some  one  of 
the  problems  in  this  section.  If  the  student  faithfully  works 
out  these  problems,  therefore,  he  will  encounter  no  difficulty 
in  drawing  the  examination  plate. 


GKOTJP  I:    PATTERI^S   FOR   TEN^  AKD 
SHEET-IRON  WARE. 


PROBLEM  1. 

33.     To   develop    the    patterns    for    a    square    pan 
whose  sides   have   an    equal   flare. 

Explanation. — A  perspective  illustration  of  a  pan  that 
answers  this  description  is  shown  in  Fig.  14.     The  trade 

term  **  square  pans  *'  is 
usually  applied  to  such 
articles,  although  their 
dimensions  are  com- 
monly not  that  of  a 
Pio.  14.  perfect     square.      The 
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development  of  the  required  surfaces  is  a  comparatively 
simple  matter.  The  principal  feature  of  the  work  consists 
in  defining  the  outline  of  the  corners  so  that,  when  formed 
as  shown  in  Fig.  14,  the  upper  edges  of  the  folded  parts 
will  finish  neatly  under  the  wire.  It  will  be  seen  that  a 
pan  thus  made  is  water-tight  without  soldering,  and  since 
such  pans  are  commonly  made  of  black  iron  or  tin,  and  are 
often  subjected  to  a  temperature  higher  than  the  melting 
point  of  solder,  the  construction  herewith  shown  is  impor- 
tant. 

Although  the  drawings  for  this  problem  are  to  be  made 
on  the  drawing  board  by  the  aid  of  the  T  square  and  other 
drawing  implements,  it  will  be  seen  that  the  work  can  be 
laid  out  with  a  steel  square  and  dividers  directly  upon  the 
sheet  metal.  This  is  true  also  of  many  of  the  problems 
that  follow,  and  in  the  actual  practice  of  the  workshop 
many  mechanics  prefer  this  method,  resorting  to  the  draw- 
ing board  only  when  an  intricate  solution  is  required. 

The  drawings,  having  a  scale  of  3  inches  to  the  foot,  are 
to  represent  a  pan  9'  X  18'  at  the  lower  base,  12  inches  in 
vertical  height,  and  23'  X  32'  in  size  at  the  upper  base;  in 
other  words,  the  pan  is  to  have  a  flare  of  7  inches  on  all 
sides.  The  construction  is  to  be  as  indicated  in  Fig.  14, 
although  the  proportions  are  somewhat  different  from  that 
of  the  pan  there  shown. 

CoNSTRUCTioN. — Draw  an  elevation  of  the  pan  as  shown 
by  the  trapezium  A  B DC^  Fig.  15.  Since,  in  this  case,  the 
sides  have  an  equal  flare,  it  makes  no  difference  whether  a 
side  or  an  end  view  of  the  pan  be  represented  in  the  ele- 
vation. At  right  angles  to  the  base  lines  of  the  pan  A  C 
and  B  Dy  draw  the  stretchout  line  M N,  and  on  this  line  lay 
off  the  width  of  the  surfaces,  observing,  however,  that  the 
width  of  base — that  is,  the  distance  a'  a\  Fig.  15 — here  laid 
off  must  represent  the  opposite  dimension  to  that  shown  in 
the  elevation.  In  other  words,  if  the  18-inch  dimension  is 
represented  by  the  line  A  C  in  the  elevation,  then  the  width 
of  the  space  a!  a"  on  the  stretchout  must  coincide  with  the 
other,  or  9-inch,  dimension.  The  width  of  the  sides,  that 
\    II.— H 
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is,  the  spaces  a'  b'  and  a'  b\  is  made  equal  to  the  length  of 
the  line  A  B  of  the  elevation.  Draw  lines  parallel  \,o  A  C 
through  the  points  thus  determined  on  the  stretchout,  and 
project  developers  from  the  elevation  in  the  manner  shown 
in  Fig.  15,  thus  determining  the  location  of  the  points  f 


Wt'*- 


Pig.  15. 

and  e;  complete  this  portion  of  the  development   by  draw- 
ing the  several  lines  e/. 

Since  the  *'  flare  "  of  all  sides  of  this  pan  is  the  same,  an- 
other stretchout  line  M^  N'  may  be  drawn  at  right  angles 
to  J/iV  in  the  manner  shown  in  Fig.  15,  and  crossing  AfA^ 
at  its  central  point  O.     On  this  line,  lay  off  distances  from 
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the  lines  A  e  and  C e  equal  to  the  distance  a*  V  of  the  line 
M N,  Produce  the  line  drawn  through  a'  to  //,  and  make 
///equal  to  fg^  afterwards  repeating  the  operation  at  each 
of  the  four  corners.  The  main  body  of  the  pan  is  now  com- 
pleted, and  the  next  step  is  to  provide  for  the  extra  stock 
at  the  corners.  This  stock,  as  already  stated,  must  be  so 
cut  as  to  allow  the  folds  of  the  metal  to  finish  neatly  under 
the  wire.  The  manner  in  which  this  result  is  accompli.shed 
is  shown  in  the  upper  left-hand  corner  of  the  pattern. 
Draw  the  line  ek  so  as  to  bisect  the  angle  fei\  set  the 
compasses  to  a  radius  slightly  less  than  the  vertical  distance 
from  the  point /to  the  line  ek,  and  from /as  a  center,  de- 
scribe a  short  arc  in  the  manner  shown;  next,  make  r s' 
equal  lo  rs  and  draw/^,  producing  the  line  until  it  meets 
^^  in  the  point  /.  Complete  the  pattern  as  shown  in 
Fig.  15,  and  when  the  metal  is  formed  as  shown  in  Fig.  14, 
it  will  be  found  that  the  upper  edges  of  the  folded  stock  will 
neatly  coincide  with  the  other  edges  of  the  pan.  It  is 
necessary,  however,  to  add  the  amount  required  for  the 
wire;  this  is  equal  to  three-fourths  of  the  circumference  of 
the  wire.  Referring  to  the  table  of  wire  sizes,  it  is  found 
that  No.  6  wire  measures  .192  inch  in  diameter,  or,  as  ex- 
pressed in  fractional  parts  of  an  inch,  slightly  more  than 
^  inch.  The  circumference  of  this  diameter  is  found  from 
the  table  in  Arithmetic,  Part  9,  to  be  .589,  and  three- 
fourths  of  this  is  approximately  ^  inch.  This  amount  is 
therefore  to  be  allowed  for  a  wiring  edge,  as  shown  by 
the  dimensions  W  in  Fig.  15,  and  the  pattern  is  thus  com- 
pleted. 

Capacity. — Only  in  rare  cases  is  the  draftsman  asked  to 
compute  the  volume  of  articles  of  this  form,  as  orders  for 
work  of  this  description  are  usually  accompanied  by  the 
exact  dimensions  required.  Since,  however,  there  is  an 
occasional  demand  for  the  figures  relating  to  the  capacities 
of  such  pans,  the  method  of  ascertaining  their  volume  will 
be  considered.  It  will  be  seen  that  if  the  bases  of  the  pan 
were  square,  the  solid  represented  would  be  a  frustum  of  a 
pyramid,  and  the  rule  given  for  such  shapes  would  apply. 
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In  this  instance,  the  bases  are  oblong  and  the  solid  is  what 
may  be  termed  a  prismoid.  The  application  of  the  pris- 
moidal  formula  is  as  follows:  Area  of  lower  base,  9'  X  18' 
=  162  sq.  in. ;  area  of  upper  base,  23'  X  32'  =  736  sq.  in. ; 
area  of  middle  section  (that  is,  a  section  halfway  between 
the  upper  and  lower  bases)  multiplied  by  4,  16'  X  25'  X  4 
=  1,600  sq.  in.  Then,  162  +  736  +  1,600  =  2,498,  and  2,498 
multiplied  by  one-sixth  the  vertical  height  (i.  e.,12-f-6 
=  2),  or  2,498  X  2  =  4,996  cu.  in.,  the  capacity  of  the  pan. 


PROBLEM  «. 

34«  To  develop  patterns  for  a  square  pan  vrliose  ends 
have  a  flare  dlflferent  from  that  of  its  sides. 

Explanation. — No  perspective  figure  is  given  for  this 
problem,  since  its  conditions  may  be  understood  from  the 
following  description.  Both  the  lower  base  of  the  pan  and 
its  height  are  the  same  as  in  the  preceding  problem.  The 
upper  base  is  to  measure  16'  X  32*.  The  ends  of  the  pan 
have  the  same  flare  as  in  the  previous  problem,  but  the  sides 
will  flare  only  3^^  inches.  The  widths  of  the  lateral  surfaces, 
therefore,  will  be  unequal,  and  it  will  be  seen,  also,  as  the 
construction  proceeds,  that  it  is  important  to  understand 
which  way  the  corners  are  to  be  folded.  Two  constructions 
are  given — in  one,  the  corners  are  folded  toward  the  ends; 
in  the  other,  they  are  folded  back  in  the  direction  of  the 
sides  of  the  pan.  As  before,  the  drawings  are  to  be  made 
to  a  scale  of  3  inches  to  1  foot. 

Construction. — The  dimensions  for  the  front  elevation 
are  the  same  in  this  case  as  in  Problem  1,  and  the  view 
shown  at  A  B  D  C,  Fig.  16,  is  accordingly  reproduced  as 
indicated.  Next,  the  stretchout  MNis  drawn  perpendicular 
to  A  C  and  of  indefinite  length,  since  the  spaces  thereon 
cannot  be  laid  off  until  the  side  elevation  has  been  drawn. 
Accordingly,  a  point  o  may  be  conveniently  taken  some 
distance  below  the  front  elevation,  and  the  line  J/'  N'  drawn 
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perpendicular  to  M N.  The  line  M'  N'  may  be  produced 
toward  the  right,  as  shown  in  Fig.  16,  and  used  as  a  center 
line  for  the  construction  of  the  side  elevation  E  F  H  G. 
After  this  view  has  been  drawn  in  accordance  with  the 
dimensions  given  in  the  specifications,  the  stretchouts  may 
be  completed  as  shown  in  Fig.  16.  The  completion  of  the 
development  of  the  lateral  surfaces  is  then  made  as  before ; 


Fig.  16. 

since  the  operation  is  shown  in   Fig.  16,  no  description  is 
necessary. 

From  an  inspection  of  Fig.  16,  the  student  will  see  that  a 
different  process  for  determining  the  outlines  of  the  corners 
is  used  on  each  side  of  the  line  M  N,  The  corners  on  the 
left  of  that  line  are  so  made  as  to  be  turned  back  on  the 
sides,  while  those  shown  on  the  right  of  M  iVare  intended 
to  be  turned  back  on  the  ends.  The  outline  of  the  cut  on 
the  left  is  seen  to  be  concave,  while  that  on  the  right  is 
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convex.  The  method  of  finding  these  outlines  is  very  similar 
to  that  used  in  the  preceding  problem  and  therefore  needs 
no  extended  explanation,  although  it  should  be  noted  that 
the  arcs  described  from  the  points  g  are  in  each  case 
measured  on  the  edges  toward  which  the  turn  is  to  be  made. 
Notealso  that  the  lines ///tin  each  case  bisect  the  angles^///. 
Of  course,  the  student  will  understand  that  all  the  corners 
of  a  pan  should  be  turned  in  the  same  way — either  toward 
the  sides  or  toward  the  ends,  as  preferred — not,  as  might 
be  construed  from  Fig.  IG,  part  one  way  and  part  another. 
They  have  been  so  shown  in  the  illustration  only  for  the  sake 
of  enabling  both  methods  to  be  understood. 


PROBLEM  8. 

35.     To  develop  patterns  for  a  funnel. 

Specification. — The  funnel  shown  in  Fig.  17  is  so  simple 
in  form  that  merely  to  mention  its  dimensions  will  suffice  for 

the  draftsman.  It  is  to  be  made  of 
No.  26  galvanized  iron  and  is  to 
measure  20  inches  across  the  top; 
the  body  is  to  be  15  inches  high 
and  the  lower  opening  in  the  body 
3  inches  in  diameter;  the  spout  is 
to  be  G  inches  long,  with  a  2-inch 
outlet.  The  body  is  to  be  lock- 
seamed,  the  spout  merely  lapped 
and  soldered,  and  a  :i^-inch  rod  is 
to  be  wired  in  the  upper  edge  of 
Fio.  17.  the  body. 

Construction. — From  the  foregoing  description  of  the 
dimensions,  the  elevation  shown  in  Fig.  18  may  be  readily 
drawn  and  the  development  of  body  and  spout  at  once  made 
in  accordance  with  the  principles  of  radial  development  It 
will  be  seen  from  Fig.  18  that  all  the  operations  required 
maybe  performed  if  only  one-half  of  the  elevation  be  drawn; 
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that  is,  only  such  an  amount  of  the  elevation  is  required  as  is 
shown  on  one  side  or  the  other  of  the  vertical  center  line.  In 
actual  practice,  therefore,  the  student  will  frequently  avoid 
some  extra  work  if  but  one  side  of  such  symmetrical  figures 


--4-^. 


Pig.  18. 

is  represented.  Instead  of  drawing  a  complete  plan  of  this 
solid,  semicircles  may  be  described,  as  shown  in  Fig.  18, 
from  O  and  o  as  centers,  and  the  stretchout  for  the  patterns 
measured  on  the  respective  arcs.  This  short  method  is 
usually  adopted  in  the  case  of  simple  drawings,  and  it  may 


Digitized  by  VjOOQIC 


46     PRACTICAL  PATTERN  PROBLEMS.    §  17 

be  stated  that  where  accuracy  is  not  an  item  for  considera- 
tion, the  stretchouts  may  be  stepped  off  as  equivalent  to  six 
times  the  distances  O  A  and  o  a^  respectively.  In  circles  of 
large  diameter,  however,  this  distance  (which  is  really  the 
chord  of  one-sixth  of  the  circumference)  varies  too  much 
from  the  actual  distance  around  the  outline  of  the  circle,  and 
should  not  be  used — in  fact,  it  is  better  in  every  instance  to 
describe  the  semicircle  and  properly  subdivide  it  in  accord- 
ance with  previous  instructions. 

As  in  Problem  1,  the  amount  to  be  added  for  the  wiring 
edge  may  be  computed  and  added,  as  shown  by  the  space 
w  in  Fig.  18.  As  has  been  previously  mentioned,  the 
amount  to  be  added  to  the  sides  of  the  pattern  for  the  lock 
seam  must  be  equal  to  three  times  the  width  of  the  lock. 
For  an  article  of  this  size,  a  lock  of  \  inch  would  be  suitable, 
and  }  inch  is  therefore  to  be  added  to  the  pattern,  or  half 
as  much  to  each  edge;  that  is,  the  width  of  each  of  the 
spaces  or,  jr  is  f  inch.  The  upper  edge  of  the  pattern  for 
the  spout  should  be  widened  by  a  lap  for  soldering ;  also  the 
side  for  the  same  reason.  These  additions  should  be  indi- 
cated by  light  lines,  as  in  Fig.  18,  and  the  patterns  notched 
in  the  manner  shown. 

The  student  will  observe  that  the  stretchout  arc  is  not 
here  described  from  the  vertex  of  the  cone,  as  was  con- 
veniently done  in  Development  of  Surfaces^  but  the  pattern 
for  the  body  of  this  funnel  is  laid  off  to  one  side  of  the 
projection  drawing.  The  location  of  the  development  as 
related  to  the  other  portions  of  the  drawing  is  thus  shown 
to  be  a  matter  of  convenience  in  the  case  of  simple  cone  de- 
velopments. 

Capacity. — When  the  capacity  of  funnels  is  given  in 
manufacturers'  price  lists,  the  figures  usually  relate  to  the 
large  cone  only,  and  do  not  include  the  spout.  The  exact 
method,  of  course,  would  be  to  treat  the  two  solids  as  frus- 
tums of  cones;  since  the  application  of  the  rules  for  these 
solids  may  be  better  shown  in  a  later  problem,  it  is  omitted 
here.  The  mechanic  is  usually  given  the  dimension  figures, 
no  attention  being  paid  to  the  capacity  of  the  article. 
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PROBLEM  4. 

36.     To  develop  the  patterns  for  a  flaring^  measure. 

Explanation. — There  are  perhaps  few  articles  made  by 
the  sheet-metal  worker  that  require  greater  accuracy  in  the 
dimensions  or  in  the  development  of 
patterns  than  the  fluid  measures. 
Before  such  measures  are  available 
for  use  to  the  purchaser,  they  must 
be  sealed  by  a  town  or  city  official, 
and  on  this  account,  unusual  care 
must  be  observed  by  the  workman. 
The  usual  form  for  these  measures  is 
illustrated  in  Fig.  19,  and  while  there 
is  an  endless  variety  of  proportions 
used  by  different  makers  and  for 
different  purposes,  the  proportion 
shown   in   the   illustration   has   been  ^'°-  ^•• 

recommended  by  the  United  States  Government,  and  the 
draftsman  should  conform  to  this  standard  whenever  pos- 
sible. The  diameter  of  the  bottom  is  taken  as  two-thirds  of 
the  vertical  height,  and  the  diameter  of  the  upper  base  is 
two-thirds  that  of  the  lower.  On  the  basis  of  these  propor- 
tions, the  following  schedule  has  been  computed  by  the  gov- 
ernment authorities: 

TABIiE    XVI. 


DIMENSIONS    FOR    LIQUID    MEASURES. 


Size. 

Height. 
Inches. 

Diameter  of 

Lower  Base. 

Inches. 

Diameter  of 

Upper  Base. 

Inches. 

1  gallon 

i  gallon 

1  quart 

1  pint 

9.80 
7.78 
6.17 
4.90 
3.89 
3.09 

0.53 
5.18 
4.11 
3.27 
2.59 
2.06 

4.35 
3.45 
2.74 
2.18 

i  oint 

1.73 

1  eill 

1.37 
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Spfxification. — The  developments  for  this  problem  are 
those  of  a  1-gallon  measure,  and  the  drawings  are  to  be 
made  to  a  scale  of  3  inches  to  1  foot,  using  the  dimensions 
given  in  the  foregoing  table.  The  material  used  is  IX 
bright  tin  plate.  As  is  usual  with  articles  of  this  descrip- 
tion, a  lock  ^  inch  in  width  is  used  for  the  side  seam,  a 
No.  12  wire  is  enclosed  in  the  upper  edge,  and  a  margin 
for  the  double  seam  is  added  to  the  lower  edge  of  the  body. 
A  handle,  indicated  in  the  illustration,  is  to  be  attached  to 
the  side  of  the  measure.  Complete  instructions  for  the 
entire  article  are  included  in  the  following  construction. 

Construction. — In  accordance  with  the  specified  dimen- 
sions, draw  first  the  elevation  and  the  half  plan,  as  shown 
in  Fig.  20  {a).  Next  lay  out  the  pattern  for  the  body  of 
the  measure  as  at  {6)  and  for  the  lip  as  at  (r),  in  accordance 
with  the  usual  method.  This  method  has  been  explained  in 
preceding  cases,  so  that  no  further  demonstration  need  be 
given.  The  allowances  for  the  various  edges  are  as  in  pre- 
ceding problems.  The  student  will  notice  that  the  outline 
of  the  pattern  for  the  lip  of  this  measure  very  closely  re- 
sembles that  of  two  eccentric  circles.  This  resemblance  is 
taken  advantage  of  by  many  draftsmen,  and  approximate 
patterns  are  occasionally  laid  off  for  this  part  of  the  measure 
— and  for  similar  parts  of  other  pieces  of  tinware — by  a 
somewhat  shorter  **rule  of  thumb."  This  practice  is  ad- 
missible, however,  only  when  the  draftsman  is  pressed  for 
time,  and  where  but  few  pieces  are  required.  It  is  usually 
better  to  lay  out  the  pattern  in  a  proper  manner,  as  is 
shown  at  (c). 

An  approximate  pattern  may  be  produced  by  the  short 
method  just  mentioned,  as  follows:  Draw  any  line,  as  A  B, 
Fig.  20  (a),  and  on  it  fix  a  convenient  point  O.  .  Set  the 
compasses  to  a  radius  equal  to  three-quarters  of  the  diameter 
of  the  upper  base  of  the  measure  and  describe  the  arc  C D E\ 
on  this  arc  space  off  a  distance  equal  to  the  circumference 
of  the  upper  base  and  similar  to  that  of  the  regular  develop- 
ment shown  at  {c).  Next,  set  off  the  width  at  the  front  of 
the  lip,  as  DF^  and  make  F x  equal  to  the  diameter  of  the 
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upper  base,  that  is,  A  B^  Fig.  20  ((i)\  from  x  as  a  center 
and  with  ;ir /^  as  a  radius,  describe  the  arc  GFH\  draw 
GO  and  HO  through  C  and  E^  thus  completing  the  ap- 
proximate pattern  for  the  lip. 

Several  modifications  of  this  method  are  in  common  use, 
but  the  one  just  described  is  perhaps  the  most  reliable  and 
convenient. 

The  patterns  for  the  handle  are  shown  in  Fig.  20  {e) 
and  (/).  Since  the  matter  of  the  design  is  of  importance 
to  the  student,  the  method  of  obtaining  the  curve  shown  in 
the  projection  drawing  of  Fig.  20  will  be  explained.  From 
the  point  -5,  Fig.  20  (a),  and  at  an  angle  of  G()°  to  the  center 
line  of  the  drawing,  draw  a  line  of  indefinite  length  toward 
the  lower  right-hand  corner.  On  this  line,  mark  the  point  m 
at  a  distance  from  B  equal  to  one-third  the  diameter  of  the 
upper  base.  With  nt  as  center  and  a  radius  equal  to  inB^ 
describe  an  arc  as  shown.  This  arc  forms  the  upper  portion 
of  the  curve  for  the  handle.  The  remainder  of  the  outline 
may  be  completed  by  describing  an  arc  tangent  to  the  one 
just  drawn  and  to  the  side  of  the  measure,  using  as  a  radius 
therefor  a  distance  equal  to  two-thirds  of  the  top  diameter  of 
the  measure.  The  curve  thus  defined  may  be  spaced  and 
the  stretchout  for  the  handle  laid  off  on  the  line  A  B,  as 
shown  in  Fig.  20  (/).  At  (/)  draw  lines  perpendicular 
to  A  B  through  the  upper  and  lower  points  thus  determined, 
and  make  ab  equal  in  length  to  the  desired  width  of  the 
upper  end  of  the  handle;  make  ^^ equal  to  the  width  at  the 
lower  end.  Laps  should  be  added  at  the  ends  of  this  pat- 
tern for  soldering  or  riveting,  and  also  along  the  sides,  in 
order  that  the  material  may  be  folded  so  as  to  stiffen  the 
handle  and  render  it  more  serviceable.  Greater  strength  is 
sometimes  obtained  by  wiring  these  side  edges.  When  the 
edge  is  folded  for  the  purpose  of  adding  strength  or  to 
avoid  the  **raw  "  edge  of  the  metal,  as  at  the  side  edges  of 
this  handle,  such  edge  is  called  a  **hem."  This  term,  how- 
ever, is  applied  only  when  the  lighter  gauges  of  sheet  metal 
are  used. 

The  drawings  shown  in  Fig.  20  {c)  illustrate  the  method 
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of  laying  out  the  pattern  for  the  **boss  "  for  the  inner  side 
of  the  handle.  This  piece  is  added  in  order  that  the  handle 
may  be  more  readily  grasped  and  firmly  held  in  the  hand. 
Since  the  pattern  is  obtained  by  the  method  of  parallel 
developments,  no  explanation  is  necessary.  The  curved 
outline  e  fg  is  a  section  through  the  central  portion  of  the 
handle — that  is,  on  the  line  M N — and  may  be  drawn  in  any 
arbitrary  manner  so  long  as  the  distance  eg  is  not  greater 
than  the  width  of  the  handle  at  the  point  where  the  X\m^M N 
crosses  it. 

Where  the  mechanic  is  called  on  to  make  but  few  measures 
at  a  time,  it  is  not  usual  to  pay  much  attention  to  these 
minor  details,  although  it  is  customary  to  lay  out  and  pre- 
serve such  patterns  in  order  to  avoid  unnecessary  work.  It 
is  therefore  essential  that  every  part  of  the  work  should  be 
carefully  done. 

Capacity. — The  rule  given  in  Arithmetic  for  finding  the 
volume  of  the  frustum  of  the  pyramid  or  cone  applies  to 
this  solid;  and  since  the  dimensions  stated  in  the  specifi- 
cation are  in  decimal  parts  of  an  inch,  and  therefore  some- 
what complicated  for  purposes  of  illustration,  a  new  set  of 
figures  consisting  of  whole  numbers  will  be  used  in  the 
exemplification  of  the  rule. 

Required,  the  capacity  of  a  measure  12  inches  in  height, 
8  inches  in  diameter  at  the  lower  base,  and  6  inches  in 
diameter  at  the  upper  base.  The  radii  of  the  bases  are 
4  inches  and  3  inches,  respectively.  Therefore  the  volume  is 
(4'  +  3'  -f  3  X  4)  X  i  X  3.1416  X  12',  or  464.96  cubic  inches, 
or  about  3  cubic  inches  more  than  2  gallons. 

These  dimensions  are,  therefore,  very  nearly  correct  for 
a  2-gallon  measure,  and  it  may  be  stated  that  if  the  vertical 
height  is  taken  as  W\\  inches  in  place  of  12  inches,  the 
measure  will  be  only  .53  cubic  inch  too  large — an  approxima- 
tion near  enough  for  all  practical  purposes  of  the  mechanic. 

The  Mensuration  given  in  Arithmetic  is  thus  shown 
to  be  of  practical  value  to  the  student.  He  should  assume 
solids  of  various  dimensions  and  work  out  the  examples  for 
purposes  of  gaining  practice  in  this  work. 
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PROBLEM  6. 

37.     To  develop  patterns  for  a  foot-bath. 

Specification. — The  common  form  of  this  article  is  shown 
in  Fig.  21.  As  may  be  understood  from  the  illustration,  the 
bases  are  elliptical,  while  the  sides  flare  uniformly.  The 
short  and  long  diameters  of  the  lower  base  are  10  and 
20  inches,  respectively.  The  sides  flare  4  inches  all  around; 
that  is,  the  upper  base  is  an  ellipse  whose  minor  and  major 
axes  are  18  and  28  inches,  respectively.  The  vertical  height 
is  11  inches.  The  bath  is  to  be  made  of  No.  2G  galvanized 
iron  and  a  No.  4  wire  enclosed  in  its  upper  edge.     The  body 


Pig.  81. 

IS  to  be  seamed  in  two  pieces  and  the  bottom  attached  by  a 
double  seam  in  the  usual  way.  These  drawings  may  be  con- 
veniently made  to  a  scale  of  3  inches  to  1  foot.  It  will  be 
seen  that  this  problem  is  a  practical  application  of  the 
principles  shown  in  Dcvelopmcyit  of  Surfaces^  where  the  sur- 
faces of  an  oval  pan  body  are  portions  of  the  surfaces  of 
different  cones.  Since  problems  like  this  occur  in  nearly 
all  the  sheet-metal  working  trades,  the  construction  should 
be  thoroughly  mastered  by  the  student. 

Construction. — The  plan  should  be  drawn  first.  In 
doing  this,  the  ellipses  may  be  described  by  circular  arcs,  as 
shown  in  Geometrical  Draiui?ig,  which  is  an  approximate 
method  of  constructing  ellipses  that  is  suitable  for  nearly 
all  the  smaller  articles  of  this  shape  made  by  the  mechanic. 
The  centers  /;,  //  and  d,  d'  are  thus  located  and  the  outline 
of  both  bases  described  as  indicated  in  Fig.  22.     Next,  draw 
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the  front  and  the  side  elevations,  setting  off  the  vertical 
height  as  called  for  in  the  specification.  The  next  step  is 
to  define  the  height  of  the  cones,  portions  of  whose  frustums 


PIO.  88. 


are  to  form  the  sides  of  the  finished  foot-bath.  At  d^  erect 
a  perpendicular  to  the  major  axis  and  extend  the  side  A  B 
(of  the  front  elevation)  until  it  intersects  the  perpendicular 
from  d'  in  the  point  o.     Locate  the  point  O — the  vertex  of 
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the  larger  cone — in  a  similar  manner,  from  the  center  V  and 
an  extension  of  the  side  C  D  oi  the  side  elevation.  Next, 
by  the  line  M  N^  divide  the  base  into  symmetrical  halves, 
and  extend  the  line  b'  d  until  it  meets  at  x  the  outline  of 
the  upper  base  in  the  plan.  Divide  that  portion  of  the  out- 
line between  A^and  or  into  a  convenient  number  of  equal 
spaces,  in  this  case  four ;  also  divide  the  portion  between  x 
and  x\  six  spaces  being  a  convenient  number.  The  pro- 
jection drawing  is  now  ready  for  development.  In  a  con- 
venient portion  of  the  drawing,  as  at  (^),  lay  off  the  line  O'  E 
of  indefinite  length ;  with  a  radius  O  C  describe  an  arc,  also  of 
indefinite  length,  from  a  center  at  O' ;  and  from  the  same 
center,  with  a  radius  O  D,  describe  a  concentric  arc  in  the 
manner  shown.  Set  the  dividers  to  the  distance  x  1  and 
step  off  three  spaces  on  each  side  of  the  point  E,  Draw  FCy 
and  G  0\  Next,  set  the  compasses  to  the  length  of  an 
element  of  the  smaller  cone — that  is,  to  the  distance  A  o 
at  (a) — and  from  /"and  G  as  centers  locate  the  points  o'  at  (fi) ; 
with  the  same  radius,  describe  from  these  centers  the 
2LrcsFH  and  G  I.  With  a  radius  oB  describe  from  the 
same  centers  concentric  arcs  in  the  manner  shown,  and 
draw  Z/"^' and  I  o\  thus  completing  the  pattern  with  the 
exception  of  the  allowances  for  locks,  seams,  and  wiring 
edge.  Since  these  allowances  differ  in  no  way  from  those 
of  preceding  problems,  they  need  no  further  explanation. 
The  figure  thus  produced  is  one-half  of  the  entire  pattern, 
hence  two  such  pieces  will  form  the  required  pattern.  No 
attention  is  paid  to  the  pattern  for  the  bottom  of  the  bath, 
for  it  is  necessary  merely  to  add,  to  an  outline  similar  to 
that  shown  for  the  lower  base  in  the  plan,  the  margin  re- 
quired for  the  double  seam. 

It  may  sometimes  be  desirable  to  have  the  finished  article 
assume  more  nearly  the  outline  of  an  ellipse;  hence,  a  closer 
approximation  is  shown  in  Fig.  23  {a)  and  {b).  The  ellipses 
in  this  figure  are  drav/n  by  the  method  of  finding  centers  to 
construct  an  approximate  figure  by  arcs  that  was  given  in 
Geometrical  Drawing.  Since  the  various  lengths  f<^r  the 
radii  of  the  stretchout  arcs  are  found  from  the  plan  and  a 
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single  elevation,  the  method  of  accomplishing  this  result 
will  need  some  explanation.     One  side  of  the  elevation  is 


FlO.  88. 


first  produced  in  an  indefinite  line,  as  M  N  to  O;  next,  the 
various  radii  used  in  the  construction  of  the  plan  are  set  off 
along  the  line  of  the  upper  base,  that  is,  Mp  is  made  equal 
A    IL—15 
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to  A  E,  M q  to  B  F,  M  r\.oC  G,  and  Ms  to  D  G,  From 
these  points  (/,  ^,  r,  and  5),  perpendiculars  to  the  base  line 
are  erected  and  produced  until  they  intersect  the  line  M  O 
at  C^',  O",  etc.  The  drawing  at  {b)  is  then  constructed  in 
precisely  the  same  way  as  the  development  in  Fig.  22.  By 
increasing  the  number  of  centers,  the  ellipse  may  be  very 
closely  approximated,  but  for  most  uses  of  the  mechanic, 
the  method  shown  in  the  regular  demonstration  of  the  prob- 
lem will  be  sufficient.  In  cases  where  an  exact  ellipse  is 
required,  the  pattern  must  be  developed  by  triangulation. 

Capacity. — The  method  of  finding  the  volume  of  this 
solid  affords  another  illustration  of  the  practical  application 
of  the  prismoidal  formula.  By  assuming  that  the  bases  are 
true  ellipses,  the  volume  may  be  very  closely  approximated. 

The  area  of  the  lower  base  may  first  be  found  {Arithme- 
tic, Part  9)  thus: 

10  X  20  X  .7854(=i of  3.1416)  =  157.08.  To  this  is  added 
the  area  of  the  upper  base,  or 

18  X  28  X  .  7854  =     395. 84,  and  four  times  the 
area  of  the  mid-section,  or 

14  X  24  X  .7854  X  4  =  1,055.58 

1,608.50* 

1,608.50  X  11  =  17,693.5;  17,693.5  -f-  6  =  2,948.9  cubic 
inches,  or  a  trifle  more  than  12|  gallons.  It  will  be  seen 
from  the  foregoing  example  that  the  mid-section  is  found 
by  adding  the  dimensions  of  the  upper  and  lower  bases  and 
dividing  the  result  by  2 ;  thus,  10  +  18  =  28 ;  28  ~-  2  =  14, 
the  minor  axis  of  the  middle  section.  By  a  similar  process, 
the  major  axis  is  found  to  be  24. 


PROBLEM  6. 

38.     To  develop   the    pattern    for    the    body  of   a 
sitz  bath. 

Explanation. — Bathtubs  of  this  description  are  made  in 
a  variety  of  forms,  nearly  every  manufacturer  having  a 
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design  with  some  slight  distinguishing  difference ;  all  these 
articles,  however,  are  usually  frustums  of  the  cone,  the  out- 
line of  the  upper  edge  being  a  matter  of  design  that  is 
optional  with  the  draftsman.  One  method  of  obtaining 
this  curve  occurs  among  the  pro- 
jection drawings  for  this  problem, 
but  it  need  not  be  followed  in  ac- 
tual work  should  the  curve  thus 
produced  not  please  the  fancy  of 
the  workman.  The  sitz  bath 
shown  in  Fig.  24  is  constructed 
of  No.  9  gauge  zinc  and  is  what  is 
known  as  a  27-inch  tub,  that  is,  it 
is  to  measure  27  inches  across  the  ^'°'  **" 

lower  edge  of  the  upper  base.  The  total  height  of  body 
is  to  be.  33  inches,  with  a  graceful  curve  defining  the  upper 
base.  The  drawings  may  be  conveniently  made  to  a  scale 
of  1  inch  to  1  foot. 

Construction. — Draw  first  a  center  line  of  indefinite 
length,  as  O  B^  Fig.  25,  and  on  this  line  set  off  the  height 
of  33  inches  at  CD;  bisect  CD  at  E  and  draw  perpendicu- 
lar3  through  C,  Z>,  and  E  in  the  manner  shown.  Make  E  F 
and  EG  each  13J  inches,  and  make  CO  equal  to  C E. 
Complete  the  cone,  as  indicated  by  the  dotted  lines,  and 
draw  the  half-full  view  of  the  base  H B  L.  The  next  step 
is  to  indicate  the  elements  of  the  cone  on  the  elevation; 
this  is  done  in  the  regular  way,  by  first  spacing  the  outline 
of  the  base  and  afterwards  projecting  the  points  to  the  base 
line  H L^  after  which  the  elements  are  drawn,  as  shown  in 
Fig.  25.  Fix  the  point -AT  at  the  intersection  of  £Fwith 
the  element  shown,  and  draw  J/Z;  bisect  ML  at  ;r,  and 
with  a  radius  equal  to  M x^  describe  the  arcs  that  define 
the  upper  base  from  centers  located  at  e  and  e\  The  com- 
pletion of  the  projection  drawing  is  thus  indicated,  and 
since  the  development  is  clearly  represented  in  Fig.  25  and 
is  similar  to  those  already  explained,  no  further  instruc- 
tions are  necessary.  No  attempt  has  been  made  to  provide 
for  any  edges  or  allowances  in  this  pattern,  although  as  a 
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matter  of  course  they  should  be  allowed  for  by  the  me- 
chanic. The  subject  of  design  is  an  important  one  in  con- 
nection with  sheet-metal  patterns,  and  the  student  will  do 


Fig.  25. 


well  to  note  the  various  processes  as  they  are  explained  in 
the  different  problems,  for  principles  thus  learned  may 
often  be  applied  to  other  cases.       It  will  be  seen  in    this 
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instance  that,  after  the  development  of  the  cone  has  been 
mastered,  its  application  to  the  irregular  solid  represented 
by  the  projection  drawing  is  comparatively  easy — the  prin- 
cipal feature  here  being  the  design  of  the  outline. 

The  capacity  of  this  vessel  is,  of  course,  calculated  in 
the  same  way  as  is  the  frustum  of  the  cone,  it  being  nec- 
essary to  compute  the  contents  only  for  that  portion  below 
the  line  FG. 

Note. — The  student  will  observe  that  in  this  case  it  is  convenient 
to  draw  the  plan  and  elevation  of  the  cone  in  a  relation  apparently 
opposite  to  that  described  in  Practical  Projection.  This  is  because 
the  article  is  shown  to  better  advantage  in  an  upright  position.  The 
same  relation  is  maintained  between  the  different  views,  however,  and 
the  change  is  made  merely  to  suit  the  requirements  of  the  drawing. 


PROBLEM  7. 

39.    To  develop  the   i>attems  for  the   lining:   of  a 
wood-eased  bathtub. 

Specification. — The  dimensions  of   this   tub  are  **over 
all  "  as  follows:   4  feet  6  inches  long,  2  feet  wide,  and  1  foot 


6  inches  deep;  14-ounce  copper  is  to  be  used,  and  all  joints 
are  to  be  double-seamed ;  the  metal  is  to  be  flanged  out  at 
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the  top  f  inch  in  order  to  provide  a  margin  for  nailing  to 
the  wood  casing.  This  is  the  most  common  form  of  the 
trade  article  and  is  shown  in  Fig.  26.  When  supplied  to 
the  trade,  these  bathtubs  are  usually  encased  in  wooden 
jackets,  as  at  (*),  Fig.  26.  The  drawing  at  {a)  shows  the 
metal  lining  by  itself,  as  if  lifted  out  of  the  case — the 
lining  only  being  considered  by  the  student  in  this  problem. 
The  illustration  represents  the  front  corners  of  the  tub 
slightly  rounded,  as  they  are,  to  a  radius  of  4  inches,  while 
the  bottom  longitudinal  edges  are  rounded  to  a  radius  of 
8  inches.  The  back  edge  of  the  top,  as  viewed  from  above, 
has  the  outline  of  a  semicircle. 

Construction. — From  these  data  the  projection  drawings 
may  be  easily  constructed,  although,  as  seen  from  Fig.  27, 
a  plan,  a  front,  and  a  side  elevation  are  necessary  in  order  to 
show  the  various  dimensions  properly.  Draw  the  plan  first 
to  a  scale  of  1^  inches  to  1  foot ;  next,  the  side  elevation ;  and, 
finally,  the  front  view,  giving  the  inclined  head  piece  an 
angle  of  45**  and  omitting  all  lines  of  intersection  until  the 
outlines  are  in  place.  The  line  of  intersection  at  the  foot 
of  the  tub  need  not  be  represented  in  the  front  elevation, 
but  since  the  delineation  of  this  line  will  afford  some  desir- 
able practice  for  the  student,  it  may  be  drawn  as  shown  in 
Fig.  27.  First,  locate  points  a  and  /  at  the  ends  of  the 
curve  in  the  plan,  and  then,  by  dividing  the  arc  into  a  con- 
venient number  of  equal  spaces,  locate  other  points  d,  c, 
and  d.  Project  these  points  to  the  outline  in  the  side  ele- 
vation, and  then  determine  the  points  in  the  front  view  by 
means  of  primary  and  secondary  projectors  drawn,  respect- 
ively, from  the  plan  and  the  side  elevation.  Trace  the  line 
of  intersection  through  the  points  thus  determined  in  the 
front  elevation. 

The  pattern  for  the  foot  piece  of  the  tub  may  now  be 
developed.  Draw  the  stretchout  AfN  and  set  off  the  width 
of  the  spaces  shown  at  a,  d,  c,  etc.  in  the  plan.  It  is  nec- 
essary to  note  an  interedge  at  ^ — the  terminal  point  for  the 
curve  of  the  sides  of  the  tub — and  to  produce  a  correspond- 
ing line  in  the  development  at  {a).     The  points  located  on 
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the  stretchout  are  of  course  the  same  on  both  sides  of  the 
center  line  x  y^  and  the  completion  of  the  pattern  is  made 
by  the  regular  process  for  parallel  developments,  as  shown 
in  the  drawing  at  {^),  Fig.  27. 

Until  the  line  of  intersection  between  the  body  and  the 
head  piece  has  been  correctly  determined,  the  pattern  for 
the  head  piece  and  for  the  main  body  of  the  bath  cannot  be 
produced.  This  involves  some  work  in  projection  and  is 
accomplished  as  follows:  Space  the  outline  of  the  semi- 
circle (one-half  will  be  sufficient)  at  i,  ^,  S^  4,  and  5,  and 
draw  lines  1-I'y  2-2\  etc.  in  the  plan,  producing  them  in- 
definitely toward  the  left;  project  the  points  i,  ^,  3,  etc.  to 
the  elevation  at  1'^  2"^  3",  etc.,  and  thence  draw,  across  the 
front  elevation,  lines  of  indefinite  length  parallel  to  the 
inclined  outline  of  the  head  piece.  These  lines  are  now  to 
be  intersected  by  secondary  projectors  drawn  from  corre- 
sponding points  in  the  side  elevation ;  therefore,  project  the 
points  1,  2,  3,  etc.  in  the  plan  to  the  side  elevation  by 
means  of  primary  projectors,  and  from  the  intersections  in 
the  side  elevation  at  points  I  to  J,  inclusive,  draw  second- 
ary projectors  in  the  usual  manner.  Through  the  points 
where  these  secondary  projectors  intersect  the  parallels 
drawn  from  1',  2\  3\  etc.  in  the  front  elevation  is  to  be 
traced  the  required  line  of  intersection.  The  pattern  for 
the  body  may  now  be  developed,  the  usual  method  for 
parallel  solids  being  applied  as  in  the  case  of  the  foot 
piece.  Since  the  process  is  completely  shown  in  Fig.  27,  no 
explanation  is  necessary. 

Before  the  pattern  for  the  head  piece  can  be  laid  out,  it  is 
required  to  produce  a  section  that  will  be  at  right  angles  to 
the  parallel  lines  of  the  solid — that  is,  an  edge  view  of  the 
curved  surface  composing  it — since  from  no  other  view  can 
the  correct  distances  for  the  stretchout  be  obtained.  This 
view  is  found  as  follows:  In  a  convenient  portion  of  the 
drawing,  as  at  {c),  draw  a  line  a  b  perpendicular  to  the 
parallel  lines  just  mentioned,  and  across  this  line,  for  an 
indefinite  distance  beyond,  produce  the  parallel  lines  from 
the  points  1" ^  2\  3\  etc.  in  the  manner  shown  in  Fig.  27  (c). 
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Next,  take  in  the  dividers  the  vertical  distances  of  the 
points  1,  2,  S,  etc.,  from  the  line  1-1'  in  the  plan,  and  set 
them  off  on  their  respective  parallels  in  regular  order  from  the 
line  aisLt  {c).     The  curve  traced  through  the  points  i,  2,  3,  .^, 


Pig.  88. 

and  5,  thus  located  at  (^),  will  be  the  true  outline  of  a  sec- 
tion taken  at  right  angles  to  the  parallel  lines  of  the  head 
piece.  In  order  to  illustrate  the  remaining  portion  of  the 
work  to  better  advantage,  a  part  of  the  plan  and  elevation 
of  Fig.  27,  together  with  the  half  view  of  cross-section 
through  head,  is  reproduced  in  Fig.  28.  From  this  illustra- 
tion it  ^ill  be  seen  that  the  stretchout  for  the  pattern  of  the 
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head  piece  is  developed  on  the  line  M"  N"  in  Fig.  28  (a). 
Draw  X y  in  {d)  at  right  angles  toAT  N",  and  from  each  side 
of  this  line  set  off  on  M"  A"  the  spaces  1-2,  2-3,  S-J^,  etc. 
equal  to  similarly  numbered  spaces  in  the  full  view  of  the 
section  at  {c),  until  the  point  5 is  reached,  when  the  spaced/' 
is  made  equal  to  the  space  qp  in  the  front  elevation.  The 
completion  of  the  pattern  is  then  made  in  the  regular  way 
for  parallel  developments,  as  in  the  case  of  the  other  patterns 
for  the  bathtub.  Allowances  for  locks  should  be  made  to 
provide  for  the  work  called  for  in  the  specification. 

The  method  of  calculating  the  capacity  of  a  solid  of  this 
shape  is  too  complicated  to  be  readily  explained,  and  since 
the  mechanic  is  seldom  called  on  to  give  any  capacity  figures, 
no  detailed  explanation  will  be  given.  It  may  be  briefly 
stated,  however,  that  the  general  plan  to  be  followed  is  to 
separate  the  complicated  solid  into  its  component  parts  and 
then  to  apply  the  rule  best  adapted  for  the  separate  sections. 
It  will  be  seen  that  the  portion  called  the  head  piece  re- 
sembles an  ungula,  and  that  the  remainder  of  the  solid  may 
be  separated  into  various  prisms,  whose  irregular  bases  may 
be  recognized  as  parallelograms  and  sectors,  respectively. 
By  finding  the  contents  of  each  solid  thus  separated  and 
adding  the  products,  the  total  capacity  may  be  closely  ap- 
proximated, although,  as  previously  stated,  the  mechanic 
will  seldom  be  required  to  produce  articles  of  this  sort  with 
other  than  specified  measurements. 


PBOBL.EM  8. 

40,    To  develop  patterns  for  a  steel-clad  bathtub. 

Specification. — An  illustration  of  this  bathtub  is  given 
in  Fig.  29;  the  dimensions  and  proportions  are  the  same  as 
those  of  a  tub  made  by  a  well-known  manufacturer.  It  is 
generally  understood  that  this  article  consists  of  a  tin- 
coated  copper  lining  protected  externally  by  a  sheet-steel 
jacket;  special  castings  at  each  end,  in  which  the  seams  rest, 
serve  as  strengthening  braces,  while  the  lower  ends  of  the 
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castings  are  formed  into  suitable  legs  and  support  the  tub  in 
a  neat  and  ornamental  manner.  The  castings  are,  of  course, 
outside  the  province, of  the  sheet-metal  worker,  and  will  re- 
ceive no  attention  in  this  description.  The  patterns  for  the 
jacket  are  produced  in  a  manner  precisely  similar  to  that 
shown  for  the  lining,  but  are  made  sufficiently  large  to  admit 
of  the  lining  being  dropped  in  place;  a  molded  wooden  rail 


Pig.  80. 

at  the  top,  to  which  both  copper  and  steel  are  attached, 
forms  a  finish  and  adds  to  the  appearance  and  utility  of  the 
tub.  The  dimensions  are  the  same  as  in  the  preceding  prob- 
lem, but  certain  peculiarities  in  the  design  are  observed  and 
will  be  explained  in  the  construction.  To  these  the  stu- 
dent's attention  should  be  closely  given,  since  the  processes 
shown  may  be  applied  to  a  variety  of  forms. 

Construction. — Draw  the  plan  first,  making  the  total 
length  4  feet  6  inches  and  the  radius  at  the  head  12  inches, 
as  shown  in  Fig.  30;  the  corners  at  the  foot  are  rounded  to 
a  radius  of  4^  inches.  This  completes  the  outline  of  the 
upper  base  in  the  plan,  and  the  front  elevation  may  next  be 
drawn,  giving  the  outline  at  the  head  of  the  tub  an  inclina- 
tion of  45°,  as  in  the  tub  of  the  preceding  problem ;  draw 
the  outlines  only,  leaving  the  lines  of  intersection  to  be 
defined  later.  Two  end  elevations  are  drawn,  the  outline 
of  each  being  the  same;  the  lower  portion  of  this  outline  is 
a  semicircle  of  12  inches  radius.  The  four  views  are  now 
complete,  with  the  exception  of   the  lines  of  intersection, 
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and,  contrary  to  all  usage  that  has  thus  far  been  shown  in 
this  Course,  these  lines  are  drawn  arbitrarily  in  the  follow- 
ing manner:  The  line  of  intersection  at  the  head  of  the 
tub  is  to  be  represented  by  a  straight  line  in  both  plan  and 
front  elevation,  that  is,  A  B  in  the  plan  and  its  correspond- 
ing projection  at  CD  in  the  front  elevation.  Next,  repre- 
sent the  line  of  intersection  at  the  foot  of  the  tub  as  an 
arc  described  with  a  radius  of  1  foot  6  inches  from  a  center 
located  at  o  on  the  main  center  line  of  the  plan.  Project 
this  line  of  intersection  to  the  front  elevation,  the  first  step 
being  to  locate  the  points  a,  3,  c,  //,  and  e  on  the  outline  of 
the  end  elevation  of  the  foot,  whence  they  are  projected  to 
the  plan  at  a\  b\  c\  etc.,  and  then  to  the  front  elevation  by 
means  of  primary  and  secondary  projectors  in  the  usual 
manner. 

It  is  not  to  be  understood  that  lines  of  intersection  can 
thus  be  drawn  in  an  arbitrary  manner  at  the  pleasure  of  the 
draftsman  as  they  have  apparently  been  drawn  in  this  case. 
An  intimate  knowledge  of  the  properties  of  the  solid  in 
question  is  necessary,  and  great  care  is  to  be  observed  when 
such  a  process  is  followed,  for  the  resulting  surfaces  must 
bear  certain  relations  to  the  other  parts  of  the  solid.  These 
relations  are  best  understood  by  the  student  as  he  studies 
the  projections  and  imagines  the  model  necessary  to  realize 
the  drawings.  Applying  these  principles  to  tHe  drawing  of 
the  bathtub,  it  is  seen  that  the  foot  piece  is  formed  by  a 
warped  surface  whose  upper  edge  is  defined  in  the  plan  by 
the  line  e'ghij\  etc.,  and  whose  lower  edge  is  represented 
by  the  arc  described  from  the  center  o — the  upper  edge 
being  shown  in  its  true  length,  while  the  lower  edge  line  is 
foreshortened.  It  is  at  once  known  that  triangulation  is  the 
only  method  that  can  be  used  to  produce  the  development  of 
the  foot  piece,  while  for  the  body  of  the  tub  the  method  by 
parallel  lines  can  be  used  as  heretofore.  This  pattern  may, 
accordingly,  be  at  once  laid  out  as  shown  in  Fig.  30  (^),  the 
spaces  on  the  stretchout  M N  being  taken  from  the  eleva- 
tion of  the  foot, where  the  surface  of  the  body  is  shown  **on 
edge.'*     If    desired,  the  student  may   produce   the   entire 
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stretchout  and  develop  the  full  pattern,  although  only  one- 
half  is  shown  in  Fig.  30 — this  being  sufficient  to  reveal  the 
method. 

In  order  to  define  triangles  on  the  warped  surface  of  the 
foot  piece,  lines  are  drawn  between  successive  points  in  the 
plan  and  side  elevation,  as  in  Fig.  30.  The  true  lengths  of 
such  lines  are  determined  by  means  of  the  triangles  shown 
at  {/?),  and  the  development  at  {c)  is  then  merely  a  matter 
of  reproducing  these  triangles  in  regular  order  and  in  their 
full  size.  The  true  lengths  for  the  upper  edge  of  the  pat- 
tern are  taken  from  the  plan,  while  the  radii  for  the  respect- 
ive arcs  of  the  lower  edge  must  be  taken  from  the  outline 
of  the  pattern  for  the  body ;  thus,  the  radius  a  ^  at  (c)  is 
taken  from  (a)  as  a'  d'y  be  dX  (c)  is  equal  to  b' c'  at  {a),  etc. 
As  before,  only  one-half  of  the  pattern  is  shown  in  Fig.  30  (c). 

The  patterns  for  the  tub  are  now  complete  with  the  excep- 
tion of  that  for  the  head  piece.  This  pattern  may  be  pro- 
duced by  the  method  of  parallel  lines,  since,  in  this  case, 
that  portion  of  the  solid  has  not  been  so  altered  as  to  eflFect 
a  change  in  this  particular.  It  would  be  necessary,  how- 
ever, if  the  method  by  parallel  lines  were  adopted,  first  to 
find  the  actual  outline  of  a  section  at  right  angles  to  such 
lines,  as  in  the  preceding  problem,  and  since  this  is  more 
laborious  for  the  draftsman,  the  method  by  triangulation  is 
to  be  preferred.  The  method  of  spacing  and  locating  the 
necessary  points  is  shown  in  the  plan  and  the  elevation  of 
the  head,  the  lines  required  for  the  triangles  being  shown 
also  in  these  views.  The  method  used  in  the  construction 
of  the  triangles  at  (^/),  while  not  essentially  diflFerent  from 
that  used  in  former  problems,  deserves  mention  on  account 
of  the  order  that  is  observed  in  transferring  the  distances. 
Referring  to  the  plan,  it  will  be  seen  that  a  triangle  is  not 
needed  for  the  line  1-2^  that  being  shown  in  its  true  length 
as  C  E  in  the  front  elevation.  To  find  the  true  length  of 
the  remaining  lines,  the  right  angle  abc  \s  drawn  in  the 
position  shown  at  (<^),  and  the  lengths  of  the  required  lines 
in  the  plan  are  set  off  on  the  side  b  c\  the  points  ^,  ^  ^,  etc. 
in  the  end  elevation  of  the  head  are  then  projected  to  the 
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side  a  b  and  each  hypotenuse  drawn  as  in  the  figure.  Since 
the  distances  between  the  points  on  each  base  are  shown  in 
their  true  length  in  the  plan  and  elevation,  the  development 
at  (e)  may  be  made  at  once.  Draw  the  line  C£  at  (e)  and 
make  it  of  the  same  length  as  the  line  of  inclination  in  the 
front  view;  next,  construct  the  triangles  in  their  relative 
positions  and  in  accordance  with  the  regular  rules  for  such 
developments.  After  the  pattern  for  this  piece  is  complete, 
the  relation  between  the  method  by  parallel  lines  and  that 
by  triangulation,  when  applied,  as  in  this  instance,  to  a 
surface  capable  of  development  by  either  method,  may 
be  readily  seen.  Note  that  the  lines  C E,  S-If,  5-6^  7-S,  etc. 
at  {e)  are  exactly  parallel  to  one  another — proof  that  were 
the  vertical  distances  between  these  lines  first  determined, 
as  in  laying  off  the  stretchout  for  a  parallel  development, 
the  lines  drawn  through  such  points  would  be  identical  with 
those  that  have  been  produced  by  the  method  shown  in  this 
problem.  The  student  will  obtain  desirable  practice  by  work- 
ing out  the  development  for  the  head  piece  by  both  methods 
and  afterwards  comparing  the  resulting  figures;  if  accu- 
rately done,  the  resulting  outlines  will  be  exactly  the  same. 
The  remarks  relating  to  the  capacity  of  the  bathtub  of 
Problem  7  will  apply  also  to  the  form  shown  in  this  problem. 


PROBLEM  0. 

41.     To  develop  tlio  patterns  for  a  lielmet  lip. 

Explanation. — What  is  known  to  trade  workers  as  a 
**  helmet  "lip  is  added  to  certain  vessels  for  liquids,  par- 
ticularly such  as  are  suited  for  pouring.  Examples  are 
strainers,  milk  pails,  certain  styles  of  delivery  cans,  and  the 
familiar  sprinkling  pot.  The  last  is  shown  in  Fig.  31,  the 
helmet  lip  being  designated  by  the  letter  x.  There  are 
numerous  forms  and  designs  for  such  a  lip,  varying  with 
the  taste  of  the  draftsman  and  the  uses  for  which  the  vessel 
is  intended,  the  most  common  form,  perhaps,  being  that 
shown  in  Fig.  31  on  a  circular  vessel. 
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Fig.  81. 


The  main  body  of  the  sprinkler  shown  in  Fig.  31  is 
10  inches  in  diameter,  and  the  inclination  of  the  central  line 

of  the  lip  may  be  con- 
veniently taken  at  30°; 
the  lip  as  represented 
in  the  plan  is  to  cover 
exactly  one-half  of  the 
body.  The  drawings 
may  be  made  to  a  scale 
of  3  inches  to  1  foot. 

Construction. — 
Draw  the  projections 
in  the  plan  and  in  the 
elevation  as  shown  in 
Fig.  32,  and  divide  the 
plan  into  symmetrical  halves  by  means  of  the  horizontal 
center  line  a  b.  Divide  one-half  of  the  outline  in  the  plan 
into  a  convenient  number  of  equal  spaces,  as  at  r,  d,  and  i\ 
and  then  construct  a  cross-section  as  it  would  appear  if 
taken  on  the  line  /J/— shown  in  Fig.  32  {a).  The  pattern 
is  now  ready  for  development  by  the  parallel  method,  and 
the  line  M N  is  laid  off  for  the  stretchout,  as  shown  at  {b). 
Set  off  the  spaces  on  this  stretchout  according  to  the  widths 
determined  at  {a)  and  represented  by  corresponding  numer- 
als in  {a)  and  (^),  Fig.  32.  Draw  developers  in  the  usual  way 
and  afterwards  provide  for  suitable  edges,  as  indicated  in 
the  drawing;  thus,  the  edge  w  is  added  for  the  wire  that  is 
customarily  placed  in  the  upper  edge  of  the  lip,  while  the 
edge  J  is  added  to  allow  for  the  double  seam,  or  lock,  that 
is  turned  over  the  upper  edge  of  the  sprinkler  to  assist  in 
fastening  the  lip  in  place. 

42.  Special  Cases. — It  often  happens  that  it  is  not  de- 
sirable to  have  the  lip  cover  so  much  of  the  body  as  in  the 
foregoing  problem;  thus,  the  lip  for  a  strainer  pail  would  be 
cut  off  on  the  line/^,  Fig.  32.  In  such  case,  however,  the 
pattern  would  be  produced  by  a  process  similar  to  the  one 
just  explained,  it  being  necessary  to  draw  developers  from 
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the  intersections  of  the  edge  lines  with  the  line  pq^ 
instead  of  with  /  r,  as  in  this  problem.  The  drawings  now 
should  be  made  in  full,  as  already  shown,  since  the  full 
view  of  the  cross-section  can  be  determined  in  no  other  way, 


Fig.  38. 

and  without  this  view  there  will  be  no  means  of  obtaining 
the  width  of  the  spaces  for  the  stretchout. 

It  was  shown  in  the  case  of  the  lip  for  the  measure  in 
Problem  4  that  an  outline  very  closely  approximating  that 
developed  by  the  regular  pattern  process  was  produced  by 

\      //.—id- 
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a  somewhat  shorter  **rule  of  thumb."  Such  a  rule  may  be 
adapted  to  certain  varieties  of  this  problem.  Thus,  in 
Fig.  32,  if  the  compasses  are  set  to  a  radius  equal  to  two- 
thirds  of  the  diameter  of  the  article,  and  an  arc  is  described 
from  a  center  ^,  intersected  by  an  arc  described  with  a 
radius  one  and  one-third  times  the  diameter,  from  a  center 
o\  the  resulting  figure  will  very  nearly  approach  that  de- 
veloped by  the  regular  construction.  After  the  first  arc  is 
described,  the  width  of  the  lip  is  set  off  on  the  line  drawn 
through  the  point  i,  as  s  /,  the  distance  /  o'  then  being  equiva- 
lent to  one  and  one-third  times  the  diameter  of  the  article. 
Such  '*jump"  rules,  as  they  are  called,  are  the  result  of 
applying  estimated  radii,  as  in  this  case;  they  are  to  be  de- 
pended on  only  for  approximations  or  when  accuracy  is  not 
essential.  They  are,  however,  of  frequent  service  to  the 
mechanic  by  enabling  him  to  avail  himself  of  economical  or 
time-saving  devices  in  special  cases.  They  should  not  be 
applied  in  a  general  or  promiscuous  way,  but  the  usual 
method  of  procedure  shown  in  the  construction  of  the 
problem  should  commonly  be  preferred. 


PROBLEM  lO. 

43.  To  develop  the  patterns  for  a  conical  spout 
Intersecting^  a  round  can  body  at  an  oblique  angrle. 

Specification. — The  perspective  view  for  this  problem 
is  shown  in  Fig.  31,  but  for  the  convenience  of  the  student, 
the  proportions  shown  therein  may  be  slightly  changed  so 
that  the  drawing,  made  to  a  small  scale,  may  show  the 
details  of  construction  to  good  advantage.  The  drawings 
in  Fig.  33  are  to  be  made  to  a  scale  of  6  inches  to  1  foot. 
In  place  of  the  rose,  or  sprinkler  head,  shown  on  the  end  of 
the  spout  in  Fig.  31,  that  end  may  be  cut  off  horizontally, 
.so  as  to  resemble  a  teapot  spout,  as  shown  in  Fig.  33. 

Construction. — Draw  the  partial  plan  and  elevation  of 
the  body  of  the  can  as  in  Fig.  33,  and  ^yi  the  point  O  for 
the  vertex  of  the  conical  spout  5  inches  to  the  left  of  the 
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outline  of  the  body  and  9  inches  above  the  lower  base. 
The  point  -^  is  ^  inch  from  'the  base  and  ^  is  5  inches  from 
the  same  line.  It  is  unnecessary  to  draw  the  entire  pro- 
jection in  the  plan,  and  this  work  may  therefore  be  dispensed 
with.  The  line  of  intersection  in  the  elevation  must  be 
accurately  found  in  accordance  with  instruction  already 
given,  the  process  being  substantially  as  follows; 

Complete  the  full  cone  in  the  elevation,  as  shown  by  the 
dotted  lines  in  Fig.  33,  and  draw  the  half-full  view  of  the 
base ;  represent  the  elements  of  the  cone  and  produce  them 
to  the  vertex  O,  Next,  project  the  point  O  to  the  plan  at 
0\  and  represent  in  that  view  the  sectional  triangles  as 
they  would  appear  if  the  elements  VO^  c'O,  d'O^  etc.  in 
the  elevation  were  considered  cutting  planes,  as  in  the 
problem  of  Practical  Projectioti  that  relates  to  the  intersec- 
tion of  cones.  The  points  /,  q,  r,  and  j,  where  the  outline 
of  the  can  intersects  the  sides  of  these  triangles,  are  then 
projected  to  corresponding  elements  in  the  elevation,  and, 
if  desired,  the  line  of  intersection  of  the  two  solids  may  be 
traced  in  that  view.  It  is  not  essential,  however,  that  this 
line  be  actually  drawn,  since  the  points  alone  are  to  be  used 
by  the  draftsman  in  obtaining  the  development — the  pat- 
terncutter  seldom  needs  to  finish  the  projection  drawing 
when  made  full  size  on  his  detail.  The  points  thus  deter- 
mined in  the  elevation  are  now  projected  at  right  angles  to 
the  axis  of  the  cone  to  the  true  edge  line  O  A,  as  are  also  the 
points  at  the  intersections  of  the  elements  with  a  horizontal 
line  that  may  be  drawn  in  the  upper  part  of  the  figure  to 
represent  the  upper  base  of  the  spout.  The  development 
of  the  pattern  for  the  spout  is  then  made  in  the  regular 
way  and  needs  no  further  explanation.  Inasmuch  as  a 
lock  should  be  provided  for  the  seam  lengthwise  of  the 
spout,  an  allowance  for  a  ^-inch  lock  may  be  made  as  shown 
in  Fig.  33. 

In  order  to  obtain  the  pattern  for  the  opening  in  the  body 
of  the  sprinkler — which,  of  course,  is  found  by  the  method 
for  parallel  solids — the  stretchout  MN  is  laid  off  in  the  po- 
sition shown,  and  the  spaces  x p^pq^  qr,  and  r  j,  as  found 
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in  the  plan,  are  spaced  off  on  that  line,  as  at  (b).     Through 
the  points  thus  located,  edge  lines  are  drawn  and  developers 


are  then  produced  from  the  points  determined  for  the  line 
of   intersection  in  the  elevation.     The  outline  at  {d)  is  thus 
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developed,  and  here  it  may  be  stated  that  it  is  usual,  in 
place  of  developing  the  pattern  for  the  full  body  of  a  cylin- 
drical can  irregularly  intersected,  as  in  this  case,  to  lay- 
out only  the  pattern  for  the  opening.  The  pattern  for  the 
body  is  then  laid  off  from  the  table  of  circumferences,  the 
height,  of  course,  being  given  in  a  specification ;  such  a  pat^ 
tern,  being  merely  an  outline  in  the  form  of  a  parallelogram, 
may  be  readily  determined,  although  it  may  be  desirable, 
after  the  dimensions  of  the  figure  have  been  ascertained, 
to  make  for  future  use  a  note  of  the  sizes  on  the  detail. 

Capacity. — The  method  of  finding  the  capacity  of  plain 
cylindrical  vessels  is  so  simple  an  operation  that  little  need 
be  said  concerning  it.  The  application  of  the  rules  con- 
tained in  Arithmetic  under  the  subject  of  Mensuration 
may  be  readily  made,  and  if  the  student  will  acquire  a  degree 
of  facility  in  the  use  of  the  table  of  Areas  and  Circumferences, 
he  will  find  many  cases  wherein  the  knowledge  thus  gained 
may  be  used  to  practical  advantage.  For  example,  suppose 
that,  in  the  present  case,  it  is  desired  to  know  the  height 
that  a  sprinkler  whose  diameter  is  10  inches  must  be  in 
order  to  hold  5  gallons.  It  is  known  that  there  are  231  cubic 
inches  in  a  gallon;  therefore,  231  X  5  =  1,155  =  number  of 
cubic  inches  in  6  gallons.  Looking  in  the  table  of  Areas  in 
Arithmetic^  Part  9,  it  is  found  that  a  circle  10  inches  in 
diameter  contains  78.54  square  inches.  By  reversing  the 
rule  for  ascertaining  the  capacities  of  cylinders  {Arithmetic^ 
Part  10),  the  required  height  of  the  sprinkler  may  be  found 
by  dividing  the  cubical  contents,  or  volume,  by  the  area  of 
the  base,  or  1,155  -^  78.54  =  14.706,  or  about  14}  inches.  By 
reversing  the  operation,  the  diameter  may  be  as  readily 
found  for  vessels  of  a  given  capacity  and  height. 


PROBLEM  11. 

44.     To  develop  tlie  patterns  for  a  eoflfee-pot  lip. 

Explanation. — The  sheet-metal  worker  needs  no  intro- 
duction to  this  familiar  form,  shown  in  perspective  in  Fig.  34. 
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Notwithstanding  its  frequent  occurrence,  however,  it  may 
be  stated  that  the  processes  by  which  its  surface  develop- 
ment may  be  produced  are  to  be  reckoned  among  the  most 

intricate  that  the  draftsman  has  to 
perform.  This  intricacy  is  owing 
more  to  the  number  of  operations 
than  to  their  difficulty.  Moreover, 
this  problem  affords  an  example  of 
a  case  where  the  draftsman  appar- 
ently reverses  the  usual  order  of 
Fig.  84.  certain  operations.  Only  persistent 

practice  will  render  the  student  capable  of  quickly  recogni- 
zing the  cases  in  which  a  change  of  procedure  is  necessary, 
and  careful  attention  should  therefore  be  given  to  the  con- 
struction. The  drawings  for  the  problem  are  to  be  made 
full  size  and  of  the  dimensions  given  below. 

Construction. — Draw  first  the  plan  of  the  frustum  that 
represents  a  portion  of  the  body  of  the  coffee  pot,  as  in 
Fig.  35;  a  circle  2}  inches  in  diameter  represents  the  upper 
base  and  one  4  inches  in  diameter  the  lower  base.  Next, 
draw  the  elevation,  in  which  the  frustum  is  represented 
2i  inches  high,  and  produce  the  sides  of  the  cone  until  they 
meet  in  the  vertex  O.  Fix  a  point  A  ^  inch  from  the  lower 
base,  and  by  means  of  the  G0°  triangle,  draw  a  line  of  indefi- 
nite length  toward  the  upper  part  of  the  drawing,  thus 
indicating  the  angle  of  inclination  of  the  lip.  In  this  case, 
the  design  of  the  cross-section  of  the  lip  is  first  arbitrarily 
determined,  as  shown  in  Fig.  35  (a).  Draw  the  line  c  ^per- 
pendicular to  A  b,  and  on  this  as  a  center  line  construct  the 
required  cross-section;  first  d«scribe,  through  the  point  c^ 
an  arc  tangent  to  ^  ^  with  a  radius  of  ^  inch,  from  a  center 
located  on  the  line  r  ^,  and  draw  lines  tangent  to  this  arc 
that  will  be  at  an  angle  of  45°  to  each  other — thus  forming 
angles  of  22^°  on  both  sides  of  c  d.  Set  the  compasses  to  a 
radius  of  2i^  inches,  and  with  the  point  -^  as  a  center,  describe 
an  4rc  that  will  extend  from  the  line  -^  ^  to  the  point  e  on  the 
upper  base  of  the  frustum.  This  arc  defines  the  upper  edge 
of  the  lip,  and  the  intersection  at  e  is  then  projected  parallel 
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to  /J  d  in  the  manner  shown,  thus  completing  the  outline  of 
the  cross-section  at  {a).  This  outline  is  next  divided  by 
spacing  into  a  convenient  number  of  equal  parts,  as  indicated 
by  the  numerals  i,  2,  3,  4,  ^,  etc.  at  {a).  Carry  projectors 
parallel  to  A  b  from  each  of  these  points  and  continue  them 
indefinitely  across  the  elevation  of  the  frustum. 

Before  the  line  of  intersection  between  the  body  of  the 
coffee  pot  and  the  lip  can  be  determined,  it  will  be  neces- 
sary to  consider  each  of  the  lines  just  drawn  in  the  elevation 
as  the  representation  of  a  cutting  plane,  and  then  to  pro- 
duce each  sectional  view  in  the  plan.  This  operation  is 
precisely  similar  to  that  used  in  the  problem  of  Practical 
Projection  that  relates  to  conic  intersections,  with  the  excep- 
tion that  the  sections  of  the  intersecting  solid  in  this  case 
are  parallelograms,  while  in  the  problem  referred  to  they 
are  triangles.  The  construction  is  made  as  follows:  Pro- 
ject the  point  e  from  the  elevation  to  the  plan,  and  draw  an 
element  from  the  vertex  through  this  point  in  each  view; 
draw  the  horizontal  center  line  w  x  through  the  plan,  and 
divide  that  portion  of  the  outline  of  the  lower  base  included 
between  the  points  w  and  /  into  a  convenient  number  of 
equal  spaces — five  in  this  case.  An  additional  space  may  be 
laid  off  on  the  other  side  of  the  point  /  to  aid  in  the  con- 
tinuation of  these  sectional  curves,  as  shown  in  Fig.  35; 
from  each  of  these  points  draw  elements  to  the  center  0\ 
and  also  project  the  elements  in  the  elevation. 

The  manner  in  which  the  sectional  curves  are  then  pro- 
duced in  the  plan  has  been  fully  explained  in  Practical  Pro- 
jection^ and  the  resemblance  of  this  drawing  to  those 
representing  the  conic  intersections  given  there  may  be 
readily  seen  if  the  figures  are  compared.  In  this  comparison, 
note  that  each  line  drawn  from  the  points  ^,  5,  -4,  ^,  and  6 
at  (a)  is  treated  as  a  cutting  plane,  and  the  corresponding 
curve  of  the  cone  is  then  developed  in  the  plan.  After  the 
sectional  curves  have  been  produced  in  the  manner  shown, 
the  vertical  center  line  O  O'  is  drawn  through  both  views 
and  the  perpendicular  distances  of  the  points  i,  ^,  5,  etc. 
from  the  line  c  d  2X  {a)  are  set  off  from  the  point  (?'  in  the 
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plan;  thus,  make  O'  1  in  the  plan  equal  to  7 ^/ at  {a),  O' 2 
in  the  plan  equal  to  the  perpendicular  distance  from  2  at  {a) 
to  the  line  c  d,  etc.  Horizontal  lines  are  then  drawn  through 
these  points  in  the  plan  and  produced  until  they  intersect 
each  corresponding  sectional  curve  at  e\  2\  S\  etc.  The 
points  c'y  2\  3\  etc.  are  then  projected  to  the  elevation  at 
e^.2'y  3",  etc.,  and  through  these  points  may  then  be  traced 
the  line  of  intersection.  This  line  is  very  lightly  drawn  in 
Fig.  35,  since  it  is  not  desirable  to  complicate  the  drawing 
by  adding  lines  not  needed  for  the  development.  Having 
now  defined  in  the  elevation  the  correct  lengths  of  the 
parallel  lines  of  the  lip,  the  development  may  be  drawn  in 
the  usual  manner.  Lay  off  the  stretchout  A/  N'  at  right 
angles  to  A  d  and  indicate  thereon  the  width  of  the  spaces 
on  the  outline  of  the  cross-section  at  (a).  These  points 
being  designated  at  {b)  by  numerals  and  letters  similar  to 
those  used  at  (a),  the  completion  of  the  pattern  may  be 
made  without  further  instruction. 

As  the  body  of  the  coffee  pot  is  sometimes  cut  out  on  the 
line  of  intersection  of  the  two  solids — or,  if  not  cut  out,  is 
usually  perforated  within  the  limits  of  such  lines  in  order  to 
form  a  strainer — it  is  desirable  that  the  pattern  for  the  body, 
or  enough  to  show  the  true  form  of  the  outline  thus  defined, 
should  be  developed.  The  line  of  intersection  having  already 
been  determined,  the  development  of  the  pattern  for  the 
outline  of  the  opening,  as  at  {c),  is  a  comparatively  simple 
matter,  although  deserving  careful  attention  from  the  fact 
that  new  elements  must  be  drawn  in  the  plan  in  order  to 
determine  the  widths  of  the  spaces  on  the  stretchout.  The 
points  2",  3"^  4"^  etc.  in  the  line  of  intersection  in  the  eleva- 
tion are  first  projected  to  the  true  edge  line,  as  at  OB, 
Next,  the  stretchout  for  the  frustum  is  described  from  the 
center  O  with  a  radius  O  B^  as  shown.  Now,  in  the  plan,  it 
is  necessary  to  draw  new  elements,  as  already  mentioned, 
from  the  vertex  O'  through  the  points  2\  3\  Jf,\  5\  and  6\ 
and  to  produce  these  elements  until  they  intersect  the  out- 
line of  the  lower  base.  The  spaces  thus  determined  on  the 
lower  base  will  be  found  unequal,  but  are  to  be  set  off  on  the 
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stretchout  at  (c)  in  their  regular  order,  as  shown.  Some 
care  is  necessary  to  prevent  confusing  these  elements  with 
those  terminating  at  the  points  g,  r,  s,  and  /,  but  if  the  work 
is  done  slowly,  such  trouble  may '  be  avoided.  Note  that 
in  Fig.  35  the  new  elements  just  mentioned  are  not  shown 
either  in  the  plan  or  in  the  elevation ;  by  comparing  the  dif- 
ferent spaces  with  the  dividers,  however,  the  student  will  be 
able  to  follow  the  process  just  described.  The  outline  of 
the  curve  at  (r)  is  finally  completed  by  describing  developers 
from  the  different  points  determined  on  the  true  edge 
line  O  B,  and  afterwards  tracing  the  irregular  curve  through 
the  points  of  intersection  thus  designated. 

This  interesting  problem  affords  an  opportunity  for  some 
very  careful  work  on  the  part  of  the  student,  and  if  the  draw- 
ings are  accurately  completed  in  accordance  with  the  pre- 
ceding instructions,  and  a  model  constructed  from  the 
patterns  thus  produced,  the  student  will  be  more  than  repaid 
for  the  effort  by  the  satisfaction  experienced  in  observing 
the  accuracy  with  which  the  pieces  may  be  fitted  together. 
He  should  then  develop  the  patterns  for  other  similar  articles, 
using  different  proportions  and  dimensions  and  without 
reference  to  the  descriptive  text.  After  the  student  has 
discovered  that  difficult  patterns  may  be  laid  out  correctly 
and  altogether  by  aid  of  the  memory,  he  will  rapidly  acquire 
the  confidence  indispensable  to  the  skilful  pattern  drafts- 
man— he  must,  however,  first  be  sure  that,  for  any  given 
case,  the  correct  principles  have  been  selected;  he  should 
then  be  able  to  complete  the  developments  without  assistance. 


PROBLEM  Id. 

45.  To  develop  the  patterns  for  a  boss,  or  brace,  for 
a  can  faucet. 

Explanation. — When  a  faucet  is  soldered  in  the  side  of  a 
tank,  it  is  often  desired  to  attach  a  suitable  brace  at  the 
sides,  as  in  Fig.  36,  in  order  to  strengthen  the  joint  and 


Digitized  by  VjOOQIC 


S17 


PRACTICAL  PATTERN  PROBLEMS. 


81 


Fig.  86. 


prevent  it  from  breaking  away  from  the  can  body.  Such 
braces,  being  in  plain  sight,  should  present  a  neat  appear- 
ance, and  in  order  that  they  may  do  so,  certain  principles  of 
design  should  be  followed.  It 
may  seem  trivial  to  devote  much 
attention  to  a  matter  of  appar- 
ently so  little  consequence,  yet 
it  is  just  this  minute  attention 
to  the  smaller  details  of  con- 
struction that  distinguishes  the 
careful  draftsman.  There  are 
cases  in  which  the  workman 
should  not  spend  much  time  on 
the  development  of  a  brace;  for 
example,  if  he  has  done  the  work 
before  and  remembers  its  gen- 
eral features,  he  will  often  be  able  to  *'  rough  out  "  a  pattern 
for  any  required  brace  and  make  it  so  nearly  accurate  that 
only  a  little  trimming  will  be  required.  Such  practice  as  is 
found  in  the  construction  of  this  problem  is  therefore  rec- 
ommended to  the  student  in  order  that  he  may  avail  him- 
self of  short  methods  in  special  cases. 

Construction. — These  drawings  may  be  made  full  size 
and  on  the  assumption  that  the  end  of  a  faucet  1  inch  in 
diameter  is  to  be  braced  to  a  cylindrical  tank  8  inches  in 
diameter.  First,  draw  the  center  line  for  the  plan  and  ele- 
vation, as  the  line  A  B,  Fig.  37,  and  from  a  convenient 
point  ^,  describe  a  circle  1  inch  in  diameter  to  represent  in 
the  elevation  a  section  through  the  end  of  the  faucet. 
From  another  point  o\  in  the  vertical  center  line,  with  a 
radius  of  4  inches,  describe  an  arc  of  indefinite  length  that 
shall  represent  a  portion  of  the  outline  of  the  body  of  the 
tank,  as  the  arc  C D  E,  Fig.  37.  Project  the  outlines  of  the 
faucet  to  the  plan,  and  on  one  of  these  lines  determine  a 
point  sufficiently  far  from  the  body  to  afford  a  proper  brace — 
in  Fig.  37,  the  point  x  may  be  located  lj\  inches  from  the 
body,  measured  on  the  outline  of  the  faucet.  Next,  decide 
on  the  angle  that  the  brace  will  make  with  the  lines  of  the 
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faucet;  in  this  case,  an  angle  of  45°  may  be  conveniently 
taken,  and  the  line  x y  is  accordingly  drawn  at  that  angle  to 
the  line  A  B,  The  line  xy  represents  the  outline  of  the 
brace,  and  a  cross-section  of  the  brace  must  now  be  deter- 
mined that  will  be  at  right  angles  to  the  line  xy.  This  is  a 
matter  for  the  student  to  design  at  will,  and  the  brace  may 


PIO.  87. 

consist  of  an  angularly  bent  piece  of  metal  or  it  may  be 
rounded  to  any  suitable  curve.  If  it  is  decided  to  make  the 
brace  with  an  angular  bend,  it  is  then  necessary  to  deter- 
mine a  line  of  intersection  between  the  cylindrical  faucet 
shank  and  the  chosen  angular  solid.  This  is  true  also  when 
a  brace  having  a  curved  outline  in  cross-section  is  selected; 
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but  if  it  should  be  desired,  as  in  this  case,  to  make  a  brace 
that  will  have  a  cross-section  similar  to  that  portion  of  the 
faucet,  the  line  of  intersection  may  be  at  once  drawn. 
Therefore,  bisect  the  angle  formed  by  the  outlines  of  the 
solids — the  lines  xy  and  xz — as  at  xw.  This  completes  as 
much  of  the  projection  drawing  as  is  required  for  the  develop- 
ment of  the  pattern,  although  it  is  first  necessary  to  deter- 
mine points  by  means  of  which  a  sufficient  number  of  edge 
lines  may  be  represented.  Divide  one-quarter  of  the  out- 
line in  the  elevation  into  a  convenient  number  of  equal 
spaces,  as  at  a^  b,  r,  d,  and  e\  project  the  points  thus  located 
to  the  line  of  intersection  tvx  in  the  plan,  and  thence  carry 
the  assumed  edge  lines  across  the  surface  of  the  boss  and 
parallel  to  the  outline  xy,  as  in  Fig.  37. 

The  stretchout  MN  may  now  be  laid  off  at  right  angles 
to  xy  and  in  the  position  shown ;  make  Ma  of  the  stretch- 
out at  (a)  equal  to  Da  oi  the  plan,  and  set  off  the  remain- 
ing spaces  thereon  equal  to  the  similarly  lettered  spaces  of 
the  elevation.  Draw  edge  lines  and  developers,  and  com- 
plete the  outline  of  the  pattern  thus  produced  by  tracing 
the  irregular  curve  through  the  points  determined.  It  is 
customary  to  cut  out  such  braces  in  two  pieces  of  metal, 
but  if,  for  any  particular  piece  of  work,  it  should  be  desired 
to  make  a  brace  that  will  show  no  seam  on  the  upper  side, 
the  pattern  may  be  joined  as  on  the  line  J// at  (a)  and  cut 
out  in  one  piece.  If,  however,  two  pieces  are  to  be  used,  a 
soldering  edge  should  be  left  on  the  pattern  on  the  lines  Ml 
and  Nk,  as  shown  in  Fig.  37. 

The  completion  of  the  projection  drawing  is  not  a  neces- 
sary part  of  the  work,  but  is  very  easily  accomplished  as 
follows:  The  remainder  of  the  outline  of  the  circle  in  the 
elevation  is  spaced  as  in  the  figure,  and  from  points  thus 
fixed  projectors  are  drawn  indefinitely  toward  both  the  right 
and  the  left  sides  of  the  drawing;  these  projectors  are  then 
intersected  by  projectors  drawn  from  the  intersection  of 
the  edge  lines  of  the  brace  with  the  body  of  the  can  in  the 
plan.  It  is  necessary,  of  course,  to  do  the  same  amount  of 
work  on  both  sides  of  the  center  line  A  B. 
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PROBLEM  13. 

46.  To  develop  the  pattern  for  an  oil-can  breast  and 
spout. 

Specification. — The  oil  can  shown  in  Fig.  38  is  10  inches 
in  diameter  and  the  pitch  of  the  breast  may  be  taken  as  45*^. 
The  axis  of  the  cone  that  forms  the  spout  of  this  can  is  at 
right  angles  to  the  slanting  sides  of  the  breast,  and  the 
angle  included  between  the  true  edge  lines  of  this  cone  is 
one  of  25**.  The  opening  at  the  outlet  of  the  spout  is  1  inch 
in  diameter,  and  the  relative  position  of  the  two  cones 
should  be  such  that,  when  the  can  is  filled  entirely  up  to  the 
screw  top,  none  of  the  contents  will  overflow  at  the  spout. 

Construction. — From  the  foregoing  information,  the  pro- 
jection drawings  shown  in  Fig.  39  may  be  readily  con- 
structed, and  after  their  completion  it 
will  be  seen  that  the  development  may 
be  accomplished  by  the  method  of  devel- 
oping the  surfaces  of  intersecting  cones 
that  was  fully  explained  in  Development 
of  Surfaces .  The  cones  here  required 
are  constructed  to  proportions  somewhat 
different  from  those  of  the  problem  re- 
ferred to,  but  the  method  of  development 
is  the  same.  The  drawings  may  be  made 
Fig.  88.  j^^^jf  gjgg^  that  is,  6  inches  to  1  foot. 

After  the  outlines  of  the  cones  have  been  drawn,  the  first 
step  is  to  represent  the  line  of  intersection.  This  process, 
in  accordance  with  instructions  given  in  Practical  Projec- 
tion^ consists  in  outlining  the  entire  cone  of  the  spout,  draw- 
ing the  half-full  view  of  the  base,  and,  by  the  light  dotted 
lines  in  the  elevation  of  Fig.  39,  representing  the  elements 
of  that  solid;  next, the  sectional  triangles  are  produced  in  the 
plan  and  then  the  sectional  curves  of  the  larger  cone.  The 
points  a,  b,  and  c  are  thus  developed  in  the  elevation,  and 
the  patterns  for  both  solids  may  next  be  described — that  for 
the  spout  first  being  drawn.  These  operations  require  no 
further  explanation,  as  similar  work  has  already  been  done 
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by  the  student.     Notice  that  in  this  case  the  pattern  for  the 
opening  in  the  breast  of  the  can  is  developed  at  (^),  while 


the  pattern  for  the  breast  itself  is  not  shown  in  Fig.  39. 
When  making  actual  patterns,  it  would  be  convenient  to 
lay  off  the  developments  for  the  smaller  cone  and  for  the 
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opening  in  the  breast  on  the  drawing  paper,  while  the  full 
pattern  for  the  breast  could  be  made  directly  on  the  metal 
by  the  aid  of  the  dividers  and  a  straightedge,  thus  avoiding 
unnecessary  work.  The  pattern  for  the  opening  at  (^), 
Fig.  39,  may  then  be  cut  from  a  separate  piece  of  metal  and 
marked  in  its  proper  place  on  the  breast  pattern. 

Capacity. — Suppose,  in  this  instance,  that  it  is  desired  to 
construct  a  can  that,  when  filled  to  the  bottom  of  the  screw 
top,  will  hold  8  gallons,  disregarding  any  amount  of  the 
contents  that  may  be  held  in  the  spout.  The  diameter  of 
the  oil  can  is  given  as  10  inches.  Looking  in  the  table  of 
Areas  in  Arithmetic^  Part  9,  it  is  found  that  the  area  of  a 
circle  10  inches  in  diameter  is  78.54  inches;  then,  the  vol- 
ume of  the  breast — considered  as  a  full  cone  when  the  screw 
top  is  neglected — is  found  by  multiplying  the  area  of  the 
base  by  the  height  of  the  cone,  and  dividing  the  result  by  3; 
or,  78.54  X  5  =  392.7,  and  392.7  ^  3  =  130.9.  Since  there 
are  231  cubic  inches  in  a  gallon,  there  are  8  X  231,  or  1,848 
cubic  inches  in  8  gallons.  The  number  of  cubic  inches  con- 
tained in  the  breast  (130.9)  is  now  deducted  from  the  total 
number  to  be  held  in  the  can,  or  1,848  —  130.9  =  1,717.1. 
Dividing  this  number  by  78.54,  the  area  of  the  base,  the 
required  height  of  the  can  may  be  found.  Therefore, 
1,717.14-78.54  =  21.86+,  or  about  21|  inches.  The  di- 
mensions for  a  can  of  any  desired  capacity  may  thus  be 
readily  found  and  the  patterns  for  the  body  and  bottom 
immediately  laid  out.  Such  problems  are  frequently  en- 
countered in  shop  practice  and  the  arithmetical  calcula- 
tions should  be  very  carefully  made. 


PROBLEM  14. 

47.  To  develop  the  patterns  for  a  wash  boiler  and 
cover,  the  cover  to  be  slightly  pitched. 

Specification. — Wash  boilers  are  commonly  designated 
by  numbers,  as  No.  7,  No.  8,  etc.,  corresponding  to  the  size 
of  the  stove  or  range  on  which  they  are  to  be  used.    Since 
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these  sizes  indicate  the  diameter  of  the  opening  through  the 
top  of  the  stove,  2  inches  is  usually  added  to  this  figure  to 
determine  the  width  of  the  wash  boiler,  while  the  length  is 
such  that  two  openings  of  the  stove  will  be  covered;  thus, 
the  extreme  dimensions  in  the  plan  for  a  No.  8  boiler  are 
usually  10"  X  21'.  The  height  of  the  sides  is  generally 
14  inches — or  rather  such  height  as  tin  14  inches  wide 
will  produce  after  allowing  for  double-seaming  and  wiring 
edges. 

Special  sizes  of  tin,  called  wash-boiler  sizes,  may  now  be 
had,  and  it  is  customary  to  make  the  bodies  of  such  plate  in 
order  to  avoid  addi- 
tional side  seams. 
The  wash  boiler 
shown  in  Fig.  40 
may  be  considered  a 
No.  8  size,  and  the 
drawings  are  to  be 
made  by  the  student 
to  a  scale  of  3  inches 
to  1  foot,  according 
to  the  dimensions 
previously  given, 
the  necessary  work- 
ing drawings  being  shown  in  Fig.  41. 

Construction. — Draw  the  plan  first,  and  since  from  this 
drawing — in  connection  with  the  specifications — the  dimen- 
sions of  the  pattern  for  the  body  and  the  bottom  may  be 
laid  off  directly  on  the  metal,  no  further  drawings  are 
required  for  these  parts.  Before  the  pattern  for  the  cover 
can  be  developed,  however,  an  elevation  showing  the 
amount  of  pitch  must  first  be  constructed;  in  order  to  show 
the  construction  to  better  advantage,  a  pitch  that  is  perhaps 
unusual  in  actual  practice  may  be  adopted  and  a  height  of 
3  inches  set  off  on  the  center  line  at  A  B;  the  triangle  that 
represents  the  elevation  is  then  completed,  as  shown  at  e  B  e'^ 
Fig.  41.  On  examining  the  drawings,  it  is  seen  that  the 
surface  thus  represented  may  be  readily  developed  if  it  is 
A    II.— n 


PlO.  40. 
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resolved  into  its  component  parts.      It  is  not  difficult  to 
recognize  the  fact  that  those  parts  bounded  by  the  curved 


outline  and  sloping  toward  the  point  B'  in  the  plan — that 
is,  B\  a,  b,  c,  etc. — are  portions  of  the  surface  of  a  scalene 


Digitized  by  VjOOQIC 


§  17         PRACTICAL  PATTERN  PROBLEMS.  89 

cone;  their  development,  therefore,  may  be  accomplished 
by  the  method  of  developing  the  surface  of  a  scalene  cone 
shown  in  Development  of  Surfaces,  while  those  parts  not  in- 
cluded in  this  description  are  seen  to  be  plane  surfaces  and 
may  readily  be  reproduced  in  the  pattern  by  merely  recopy- 
ing  their  forms  full  size.  Draw  a  horizontal  center  line 
through  the  plan  and  divide  the  curved  portion  of  the  out- 
line in  one-quarter  of  that  view  into  a  convenient  number 
of  equal  spaces,  as  at  a^  i,  r,  d^  and  e.  From  Z>"  as  a  cen- 
ter, describe  arcs,  respectively,  from  ^,  b,  r,  and  d^  produ- 
cing such  arcs  until  they  reach  the  horizontal  center  line; 
thence  project  their  intersections  until  they  reach  the  base 
line  of  the  cover  in  the  elevation.  The  true  lengths  of  the 
elements  of  the  scalene  cone  may  now  be  taken  from  the 
elevation,  as  represented  by  the  dotted  lines  in  that  view, 
and  at  any  convenient  point  on  the  drawing,  as  at  O  in  («), 
concentric  arcs  are  to  be  described,  as  shown.  Draw  any 
radius,  as  O  a^  at  (^),  and  with  the  dividers  set  to  the  dis- 
tance ab  taken  from  the  plan,  step  off  spaces  equal  in 
number  to  those  contained  in  one-half  of  the  plan.  This 
completes  the  development  of  jthe  required  surface  of  the 
scalene  cone,  and  the  remainder  of  the  surface  of  the  cover 
is  then  found  as  follows:  Set  the  compasses  to  a  radius  equal 
to  the  distance  A  a  of  the  plan,'  and  from  a  and  a!  at  (^), 
describe  arcs  of  indefinite  length;  intersect  these  arcs  by 
other  arcs  described  from  (?  as  a  center  and  with  a  radius 
equal  to  the  true  length  of  the  line  B'  A  of  the  plan.  This 
true  length  is  found  by  making  A  x  of  the  elevation  equal 
to  A'  B'  of  the  plan  and  taking  the  distance  B x  from  the 
elevation.  The  pattern  for  one-half  of  the  complete  cover 
is  thus  developed  at  {a).  Suitable  edges  are  next  to  be 
allowed.  A  lock  seam  must  be  provided  along  the  lines  O  x 
and  O  x\  and  on  the  remainder  of  the  outline  sufficient 
stock  must  be  added  to  allow  for  the  projection  of  the  cover 
over  the  wiring  edge  of  the  body  and  for  securing,  or  lock- 
ing, the  rim.  An  idea  of  what  is  required  may  be  gained 
from  an  inspection  of  the  drawing  at  (^),  which  shows  an 
arrangement  usually  made.  . 


Digitized  by  VjOOQIC 


90     PRACTICAL  PATTERN  PROBLEMS.    §  17 

Capacity. — It  will  be  seen  that  the  solid  represented  by 
the  wash  boiler  in  this  problem  may  be  resolved  into  two 
simple  forms  whose  volume  may  be  readily  ascertained;  one, 
a  prism  whose  dimensions  are  10  inches  wide,  11  inches  long, 
and  14  inches  high,  and  the  other,  a  cylinder  10  inches  in 
diameter  and  14  inches  high — the  cylinder  being  divided 
axially  and  one-half  placed  at  each  end  of  the  prism.  The 
volume  of  the  wash  boiler  is,  therefore, 

10  X  11  X  14=  1,540 
and  10'  X  .7854  X  14  =  1,099.56 

2,639.56 

2,639.56  -^  231  =  11.42+,  or  about  11|  gallons. 


PROBLEM  16. 

48.     To  develop  patterns  for  a  scale  scoop. 

Explanation. — The  form  of  scale  scoop  most  commonly 
used  in  weighing  general  merchandise  is  shown  in  Fig.  42. 

The  pattern  drafts- 
man is  at  liberty  to 
consider  the  two  sec- 
tions of  which  it  is 
composed  as  segments 
either  of  the  cylinder 
^'^"  ^^'  or  of  the  cone.     In  the 

latter  case,  the  ends  of  the  scoop  will  be  somewhat  smaller 
than  if  a  segment  of  a  cone  were  used.  Scoops  intended 
for  use  on  what  are  termed  **  tea  scales  "  are  invariably  seg- 
ments of  a  cone,  and  are  usually  provided  with  a  funnel- 
shaped  appendage  at  one  end,  as  in  Fig.  43.  The  scoop 
may  then  be  conveniently  used  in  retailing  siich  substances 
as  tea,  coffee,  etc.,  commonly  poured  from  the  scoop  into  a 
paper  bag  or  package.  The  cylindrical  form  of  scoop  is, 
however,  to  be  preferred  for  scoops  of  large  dimensions,  or 
when  the  scales  are  intended  for  use  with  larger  bodies. 
Two  cases  will  be  considered  and  developments  made,  first 
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for  a  scoop  composed  of  segments  of  the  cylinder,  as  in 
Fig.  42,  and  second,  for  a  scoop  made  from  segments  of  a 
cone  and  provided 
with  a  funnel-shaped 
opening  at  one  end, 
as  in  Fig.  43. 

The  scoop  shown 
in  Fig.  42  will  first 
be  developed.  As  al- 
ready stated,  it  is  con- 
structed on  the  supposition  that  its  surfaces  are  portions  of 
intersecting  cylinders.  The  extreme  width  is  to  be  10  inches 
and  the  length  16  inches;  a 
semicircle  may  be  taken  as 
the  section  at  right  angles 
to  the  parallel  lines  of   the 


Fig.  48. 


A 


solid,  the  angle  of  inclination 
being  indicated  in  Fig.  44. 
The  specification  for  the 
scoop  whose  development  is 
shown  in  Fig.  45  is  given 
in  the  construction  of  that 
drawing.  Both  drawings  may  be 
made  to  a  scale  of  3  inches  to  1  foot. 

Construction. —  First  draw  the 
vertical  center  line  A  B,  Fig.  44, 
which  is  also  to  represent  the  line 
of  intersection;  draw  A  C  and  A  D 
at  the  specified  angle  to  A  B  and 
produce  A  C  indefinitely  toward  the 
right.     Also  draw  B  F  parallel  to  A  E, 


Fig.  44. 
At  any  convenient 
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point  on  the  line  A  E^  as  at  E^  erect  the  perpendicular  E  F^ 
and  from  /^  as  a  center,  describe  a  quarter  circle  whose 
diameter  will  be  equal  to  the  required  width  of  the  scoop, 

the  outline  of  the  arc 
passing  through  the 
point  E^  as  shown  in 
Fig.  44.  Complete 
the  side  elevation  of 
the  scoop  by  drawing 
BC  and  B  D.  Lo- 
cate edge  lines  on 
this  elevation  by  sub- 
dividing the  outline 
of  the  section  and 
drawing  projectors 
across  the  elevation 
in  the  manner  shown. 
The  development 
may  now  be  made  in 
the  usual  way.  Draw 
the  stretchout  M N 
and  space  off  on  its 
length  the  widths  a  b^ 
bc^c d^  etc.,  as  taken 
from  the  outline  of 
the  section;  draw 
edge  lines  and  devel- 
opers and  trace  the 
curved  outline  of  the 
pattern  as  shown  in 
Fig.  44. 

As  previously  sta- 
ted, the  scoop  shown 
in  Fig.  43  is  made  up 
of  parts  that  are  con- 
sidered as  irregular  conic  frustums.  This  being  the  case, 
the  projections  may  be  made  to  better  advantage  if  the 
cones  are  first  represented  in  their  full  outline,  as  in  Fig.  45, 
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and  the  frustums  afterwards  designated  by  suitable  lines  on 
the  drawing.  Draw  the  lines  A  B  and  C D  z.t  right  angles 
to  each  other  and  intersecting  at  their  middle  points; 
make  A  B  1\  inches  long  and  CD  19  inches  long;  draw 
A  Cy  A  D,  B  C,  and  B  D.  This  figure  is  now  considered  as 
representing  two  cones  whose  bases  unite  on  the  central 
plane  A  B,  and  the  end  view  of  the  middle  section  of  the 
compound  solid  may  be  represented  as  a  circle  described  as 
shown  at  the  top  of  the  drawing.  Represent  a  certain 
number  of  elements  of  these  cones  by  dividing  the  outline 
of  the  circle  into  16  equal  parts,  in  the  manner  shown  and 
projecting  to  the  side  elevation,  as  in  Fig.  45.  The  remain- 
ing lines  of  the  scoop  may  now  be  drawn  as  follows: 

Fix  the  point  o  on  the  base  line  of  the  cones  at  the  inter- 
section of  the  elements  Do  and  Co\  fix  the  points  x  and  x^ 
\\  inches  from  D  and  C,  respectively,  and  draw  x  o  and  x'  o. 
Fix  the  point  y  3  inches  from  A^  and  from  j/  as  a  center, 
describe  an  arc  tangent  to  the  line  x'  o.  At  the  lower  side 
of  the  figure  add  the  rectangular  portion  that  represents  in 
the  elevation  the  cylindrical  spout  of  the  funnel,  thus  com- 
pleting the  elevation  of  the  scoop. 

From  the  drawings  in  Fig.  45,  the  development  of  the 
patterns  for  the  various  parts  of  the  scoop  may  now  be  seen  to 
be  the  same  as  have  been  shown  in  previous  sections  of  this 
Course,  and  they  will,  therefore,  require  no  further  descrip- 
tion. A  lock  seam  is  to  be  provided  along  the  joint  edges 
of  the  patterns,  and  since  it  is  usual  to  stiffen  the  top  edges 
of  the  scoop  with  a  heavy  wire,  such  allowances  may  be 
made  in  accordance  with  previous  instruction,  although 
they  are  not  shown  in  Fig.  45. 

Capacity. — The  mechanic  is  seldom  required  to  calculate 
the  capacity  of  such  articles  as  have  been  illustrated  in  this 
problem.  The  volume  of  such  solids,  however,  is  found  by 
the  application  of  the  rules  for  the  ungula,  and  since  a  bet- 
ter illustration  is  furnished  in  a  later  problem,  the  solution 
is  omitted  in  this  instance.  It  will  be  seen  from  Fig.  44 
that  the  scoop  there  shown  may  be  readily  resolved  into 
symmetrical   halves,    each   of   which    is   composed   of   two 
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cylindrical  ungulas,  while  in  the  case  of  the  scoop  shown  in 
Fig.  45,  the  sections  are  to  be  considered  as  conic  ungulas. 
The  application  of  the  prismoidal  formula  is  made  in  each 
instance,  precisely  as  in  Problem  5. 


PROBLEM   16. 

49.     To  develop  patterns   for   a   grocer's   scoop. 

Explanation. — In  recent  years,  or  since  the  introduction 
of    power    machinery    for    the    manufacture    of    tinware, 

stamped  scoops  have  al- 
most universally  displaced 
the  kinds  formerly  made 
by  hand,  but  it  frequently 
happens  that  the  tinsmith 
is  asked  to  make  a  scoop 
vio.46,  of  a  special  size  to  suit  a 

particular  requirement.  The  one  shown  in  Fig.  4G  is  the 
form  usually  made.  Jn  this  problem  the  student's  atten- 
tion is  directed  to  the  manner  in  which  any  irregular  sec- 
tion of  the  cylinder  may  be  produced.  The  application 
of  methods,  therefore,  contemplates  a  use  beyond  the  pres- 
ent construction. 

The  body  of  this  scoop  is  to  be  10  inches  in  length  and 
6  inches  in  width,  and  is  to  be  cut  from  a  cylindrical  form 
to  the  outline  indicated  in  Fig.  46.  A  conveniently  pro- 
portioned handle,  slightly  inclined,  is  to  be  attached  to  the 
back  and  strengthened  by  the  addition  of  a  flaring  boss. 
The  drawings  are  to  be  made  by  the  student  to  a  scale  of 
3  inches  to  1  foot. 

Construction. — Describe  the  circle  shown  in  Fig.  47  {a), 
whose  diameter  will  be  equal  to  the  width  of  the  scoop — the 
diameter  of  the  cylinder  from  which  the  body  is  to  be  cut. 
Draw  the  vertical  diameter  a  b,  and,  by  spacing,  divide  one- 
half  of  the  outline  into  a  convenient  number  of  equal  parts, 
in  this  case,  eight.      Next,  construct   the   side   elevation  of 
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the  scoop  as  shown  to  the  right  of  {a).  Make  A  B 10  inches 
long,  as  set  off  on  the  horizontal  drawn  from  d]  erect  B  D 
perpendicular  to  A  B  and  make  C  D  i  inches  long  on  the 
horizontal  drawn  from  a.  From  Cdraw  a  line  inclined  at 
30°  to  the  vertical  lines  of  the  drawing  and  continue    it 


Fig.  47. 

downwards  until  it  intersects  a  horizontal  drawn  from  c  at 
(a).  Describe  an  arc  tangent  to  the  horizontal  drawn  from  c 
and  passing  through  the  point  A  in  the  manner  shown. 
This  completes  the  drawing  of  the  body  of  the  scoop  in  the 
required  side  elevation. 
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The  handle  is  conveniently  formed  by  two  cones — or, 
rather,  two  conic  frustums — the  center  lines  of  which  coin- 
cide and  may  be  drawn  as  one  line  from  a  point  x  midway 
on  the  line  B  D  and  at  an  angle  of  67J°  to  B  D,  Produce 
this  line  indefinitely  in  both  directions  from  B D  and  locate 
the  point  r  6  inches  from  x.  For  the  vertex  of  the  cone,  fix  • 
the  point  s  4  inches  from  x  and  to  the  left  of  the  line  B  D, 
At  right  angles  to  the  line  r  s^  and  passing  through  the 
point  r,  represent  the  base  of  that  cone  by  a  line  2^  inches 
long;  then  draw  the  remaining  outlines  of  the  cone  and 
the  semicircle  that  represents  the  half-full  view  of  the 
base.  At  w  and  j/  fix  the  points  for  the  vertex  and  base  of 
the  cone  that  is  to  contain  the  frustum  for  the  boss,  w 
being  3^  inches  from  x  and  y  ^\  inches  from  w.  At  ^^  erect 
a  perpendicular  to  r  j  and  produce  it  until  it  intersects /?/> 
at  1 ;  make  y  6  equal  to  y  i,  draw  1  w  and  5  ii\  and  describe 
the  full  view  of  the  base  of  this  cone  as  in  Fig.  47.  Repre- 
sent in  the  usual  way  a  convenient  number  of  elements  on 
each  of  these  cones.  From  points  on  the  outline  of  the 
end  view  of  the  cylinder  at  (a),  draw  horizontal  lines  inter- 
secting the  outline  of  the  side  elevation,  and  when  this  is 
done,  the  development  of  the  patterns  for  the  various  parts 
of  the  scoop  will  follow  without  difficulty.  First,  draw  the 
stretchout  jWiV  in  the  position  shown  and  proceed  to  de- 
velop it  in  the  usual  way,  the  spaces  shown  at  (a)  being  set 
off  in  the  usual  manner.  After  the  edge  lines  have  been 
drawn,  developers  will  determine  the  outline  of  the  pattern 
at  (d),  which  is  all  that  is  required  for  the  body  of  the  scoop. 

In  these  drawings  it  is  more  convenient  to  develop  the 
patterns  for  the  two  frustums  as  shown  at  (c)  and  (^),  since, 
if  the  pattern  radii  were  described  from  the  vertexes  of  the 
cones  in  the  side  elevation  as  centers,  the  drawing  would  be 
too  complicated.  The  required  radii  are,  however,  taken 
from  the  projection  drawing  in  the  usual  way,  and  that 
drawing  shows  all  required  points  as  projected  to  their  re- 
spective true  edge  lines. 

No  further  explanation  is  needed  with  respect  to  the 
allowances    required    for   wiring    edges   or    for    locks   and 
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double-seaming.  As  in  the  preceding  problem,  the  capacity 
of  articles  of  this  description  is  not  of  sufficient  importance 
to  warrant  the  rather  lengthy  description  that  would  be 
required,  and  that  feature  is  therefore  omitted  from  this 
problem. 


PROBLEM  17. 

50«     To  develop  tlie  patterns  for  an  oil-tank  top. 

Explanation. — An  oil  tank  of  a  form  frequently  used  is 
represented  in  Fig.  48.  This  illustration  shows  that  the 
height  of  the  top,  or  cover,  must  be  such  that,  when  the 
tank  is  closed,  as  represented  at  (^),  sufficient  headroom 
will  be  provided  for  the  pump,  as  well  as  for  the  funnel  and 


(a)  rb) 

PIG.  48. 

measure  usually  placed  on  the  draining  shelf.  Part  of  this 
height  is  provided  for  by  the  width  of  the  flange  in  the 
lower  portion  of  the  cover,  part  by  the  depression  in  the 
upper  portion  of  the  tank,  and  the  remainder  by  the  slant 
given  to  the  curved  surface  of  the  top.  As  with  most  arti- 
cles made  by  sheet-metal-working  establishments,  oil  tanks 
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are  made  in  a  variety  of  sizes  and  styles.  Their  proportions 
and  the  proportions  of  the  covers  are  often  varied  at  the 
pleasure  of  the  draftsman  and  to  suit  the  requirements  of 
special  uses,  as  well  as  to  accommodate  the  forms  to  what- 
ever machinery  is  at  hand  for  their  manufacture. 

The  particular  form  represented  in  Fig.  48  is  such  that 
the  triangulation  process  must  be  resorted  to  in  order  to 


Fig.  49. 

obtain  a  development  of  its  curved  surface.  The  drawings 
for  this  problem  are  to  be  constructed  by  the  student  to  a 
scale  of  3  inches  to  1  foot,  and  may  be  assumed  to  represent 
a  tank  of  60  gallons  capacity.  Referring  to  the  table  in 
Arithmetic^  Part  10,  it  is  seen  that  a  tank  24^  inches  in 
diameter  and  29J  inches  in  height  will  contain  the  requisite 
number  of  gallons.      It   is  customary  to  allow  a  depth  of 
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about  4  inches  for  the  draining  shelf,  so  this  amount  must 
be  added  to  the  height  of  the  main  tank  body  when  laying 
out  that  pattern.  It  may  be  assumed  that  a  clear  space  of 
10  inches  in  height  and  20  inches  in  width  should  be  allowed 
in  order  to  provide  for  the  headroom  previously  referred  to. 
Further,  the  width  of  the  top  should  be  such  that  the  pump 
may  be  attached  centrally  in  the  tank.  The  method  of  de- 
signing the  top  from  these  specifications  is  clearly  shown  in 
the  construction,  which  should  be  carefully  followed  by  the 
student. 

Construction. — Since  the  top  is  the  important  matter  in 
this  problem,  no  attention  will  be  paid  to  other  details. 
First,  describe  a  circle  24^  inches  in  diameter,  as  shown  in 
Fig.  49,  that  will  represent  a  view  of  the  tank  in  the  plan; 
draw  the  vertical  center  line^  ^and  produce  it  indefinitely 
toward  the  top  of  the  drawing;  3^  inches  below  the  center 
of  the  circle  draw  the  horizontal  line  o-o,  which  is  to  repre- 
sent the  back  of  the  cover  in  the  plan.  This  completes  as 
much  of  the  plan  as  is  necessary,  and  the  elevation  is  next 
to  be  drawn.  In  a  convenient  position  above  the  plan,  draw 
the  horizontal  line  CD  of  indefinite  length,  and  3  inches 
above  CD  draw  EF  in  the  manner  shown.  Project  the  ex- 
tremities of  the  circle  at  m,  m  from  the  plan  to  the  eleva- 
tion, or,  in  other  words,  draw  C E  and  DF  in  the  elevation; 
also  project  the  points  ^,  o  as  shown  in  Fig.  49.  The  upper 
outline  of  the  cover  is  to  be  arbitrarily  drawn  in  the  eleva- 
tion by  means  of  an  arc  described  with  a  proper  radius 
from  a  center  located  on  the  center  line  y^  B;  find  this  radius 
by  setting  off  the  point  a'  on  the  center  line  7  inches  above 
the  line  E F,  and  describe  an  arc  that  will  pass  through  the 
points  o'  a'  o'  by  the  method  of  describing  a  circle  through 
three  points  that  was  given  in  Geometrical  Drawing,  From 
the  points  E  and  /^draw  lines  tangent  to  the  arc  described, 
thus  completing  the  elevation. 

It  will  now  be  seen  that  a  development  must  be  produced 
for  a  surface  whose  base  is  represented  by  the  line  E  F  \n 
the  elevation,  whose  elevation  is  E  a'  F,  and  whose  plan  is 
the  larger  segment  of  the  circle  in  the  plan.     Further,  it 
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will  be  seen  that  the  center  line  A  B  divides  the  figure  into 
symmetrical  halves,  and  that  the  development  need  be  pro- 
duced for  only  one  of  these  sides,  a  duplication  of  the  work, 
of  course,  being  the  required  pattern. 

The  upper  portion  of  this  cover  has  a  **  warped  "  surface, 
and  is  therefore  capable  of  development  only  by  triangula- 
tion.  The  first  step  is  to  locate  a  number  of  triangles 
thereon  in  some  regular  order  of  succession,  and  to  do  this, 
the  outline  of  the  curve  in  the  plan  is  conveniently  stepped 
off  into  seven  equal  spaces  at  ^,  r,  e^  g^  etc.,  and  these 
points  are  projected  to  the  line  E  F  of  the  elevation.  Next, 
the  arc  a'  o'  in  the  elevation  is  divided  into  a  similar  number 
of  equal  spaces,  as  at  a',  d^  /*,  A,  etc.,  and  these  points  are  in 
turn  projected  to  the  plan.  The  triangles  on  the  irregular 
surface  may  now  be  designated  by  drawing  lines  between 
successive  points,  as  ac^  cd,  de^  etc.,  ab  being  on  the 
center  line.  By  means  of  the  diagram  of  triangles,  the 
true  lengths  of  these  lines  must  next  be  determined,  as 
shown  at  {a).  Construct  the  right  Rngle  w  x  y — the  side 
xj^  being  the  line  £ /^  prolonged — and  on  ;i' ^^  set  off  from 
the  point  x  the  length  of  each  line  shown  in  the  plan.  From 
the  elevation  project  the  points  a\  d,  /,  A,  etc.  in  the  man- 
ner shown,  and  draw  the  hypotenuse  of  each  right-angled 
triangle  thus  designated.  From  this  point,  the  construction 
of  the  pattern  is  similar  to  those  that  have  been  given  in 
the  earlier  portions  of  the  Course,  but  since  the  method  of 
constructing  the  triangles  is  somewhat  different  from  that 
shown  in  previous  problems,  the  following  description  is 
given : 

Draw  the  line  ^  ^  at  (d)  and  make  it  the  same  length  as 
the  hypotenuse  of  the  triangle  at  (a)  whose  base  is  x  b. 
Since  the  upper  terminal  of  this  hypotenuse  is  defined  by 
the  projection  of  the  point  a'  from  the  elevation  to  the 
drawing  at  («),  this  hypotenuse  is  the  true  length  of  the 
line  ab  oi  the  plan.  Next,  from  ^  as  a  center,  with  a  radius 
b  c  (taken  from  the  plan),  describe  an  arc  of  indefinite 
length.  Intersect  this  arc  at  c  by  an  arc  described  from  a 
as  a  center  with  a  radius  equal  to  the  true  length  of  the 
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line  a  c  o[  the  plan,  that  is,  the  hypotenuse  of  the  triangle 
at  (a)  whose  base  is  x  c.  In  a  similar  manner,  the  remain- 
ing portion  of  the  drawing  at  (6)  is  constructed.  Since  the 
points  of  this  development  are  lettered  like  corresponding 
points  in  the  plan  and  elevation,  further  description  is  un- 
necessary. The  .pattern  shown  at  Fig.  49  (6)  is  of  course 
for  only  one-half  of  the  outline  required,  and  the  figure  is, 
therefore,  to  be  duplicated  and  suitable  edges  allowed. 

For  the  remaining  portions  of  the  cover,  no  drawings  are 
necessary,  since  the  back  is  shown  full  size  in  the  elevation; 
and  for  the  rim  it  is  necessary  merely  to  space  the  outline 
shown  in  the  plan,  construct  the  parallelogram,  and  add  the 
required  edges.  These  matters,  being  simi  lar  to  the  patterns 
of  former  problems,  need  no  explanation. 


PROBLEM  18. 

61.     To  develop  tlie  patterns  for  an  oil-pump  head. 

Explanation. — Fig.  50  is  an  enlarged  view  of  the  pump 
shown  in  position  in  the  tank  illustrated  in  Fig.  48.  As 
will  be  seen  from  the  perspective 
figure,  the  pump  consists  essen- 
tially of  a  cylindrical  barrel  in 
which  the  plunger  moves,  while 
the  upper  portion  is  enlarged  into 
a  cylinder  of  larger  diameter, 
braced  to  the  barrel  cylinder  by 
a  boss  in  the  form  of  a  conic 
frustum.  The  outlet  is  slightly 
tapered,  the  outer  end  being  in 
the  form  of  an  elbow.  Such  out- 
lets are  often  braced  to  the  inter- 
sected body  by  means  of  a  con- 
ical boss,  as  shown  in  Fig.  48,  a 
description  of  a  boss  similar  to 
this  forming  the  subject  of  Prob- 
lem 19.  An  inverted  cone  of  slight  altitude  forms  the 
cover  of  this  pump  head  and  serves  as  a  drip  by  which  the 
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oil   carried   up   by   the    plunger    rod    is    returned   to   the 
pump. 

Since  the  main  barrel  of  the  pump  consists  of  a  simple 
tube,  or  cylinder,  its  pattern  needs  no  explanation,  and  the 
drawings  will,  therefore,  contain  a  description  of  only  the 
upper  portion  of  the  pump.  The  fittings  for  these  pumps 
— that  is,  the  valves  and  plunger — are  usually  made  of 
malleable  iron  and  may  be  purchased  from  jobbing  houses 
that  deal  in  tinners'  supplies.  It  is  well,  therefore,  to  as- 
certain their  exact  diameter  before  commencing  the  patterns 
for  the  pump  barrel.  These  drawings  may  be  constructed 
by  the  student  in  their  full  size;  and  since  the  dimensions 
are  necessarily  stated  in  the  directions  for  the  construction 
of  the  projections,  the  usual  specifications  are  omitted. 

Construction. — The  diameter  of  the  barrel  in  this  case  is 
1  inch,  and  that  of  the  head  3^  inches;  the  height  of  the 
head  may  be  conveniently  taken  as  3f  inches.  The  elevation 
of  the  body  of  the  head  may,  therefore,  be  represented  by  a 
parallelogram  constructed  to  the  given  sizes,  as  shown  by 
A  B  C D,  Fig.  51,  the  half  plan  of  the  head  being  represented 
by  a  semicircle  of  the  proper  size,  as  indicated  in  Fig.  51. 
Represent  also  a  portion  of  the  barrel  in  the  elevation  and 
draw  the  boss  for  bracing  the  head  to  the  barrel  cylinder. 
The  outline  of  this  boss  is  given  an  inclination  of  45°,  as 
represented  by  the  lines  A  E  and  B  F^  which  should  be 
produced,  as  shown  by  the  dotted  lines,  to  the  vertex  O, 
The  pattern  for  this  boss  should  next  be  described.  The 
simple  frustum  shown  in  the  projections  needs  no  explana- 
tion, the  pattern  being  developed  as  shown  at  (a).  The 
outlines  of  the  cover  may  next  be  defined  in  the  elevation, 
as  shown  by  the  lines  D  G  and  C  H  drawn  at  the  angle 
indicated  in  Fig.  51.  The  pattern  for  this  frustum,  being 
determined  in  the  way  adapted  to  conic  frustums,  is  not 
shown  in  the  illustration.  Edges  required  for  construc- 
tion should  be  allowed  on  both  patterns.  Rims  for  such 
covers  are  made  straight  or  flaring,  at  the  pleasure  of 
the  draftsman — if  straight,  they  are  merely  narrow  strips 
of  metal,  and  if  flaring,  they  are  treated  as  conic  frustums. 
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Many  shops  are  provided  with  a  rim  machine  so  con- 
structed as  to  form  from  a  straight  strip  of  metal  a 
flaring  rim  well  adapted  for  this  purpose;  and  since  these 
machines  are  not  expensive  and  their  work  very  expedi- 
tiously done,  flaring  rims  are  more'  commonly  made  by  this 
process  than  by  the  old  way  of  laying  out  a  flaring  pattern. 

Attention  is  now  directed  to  the  manner  in  which  the, 
spout  is  determined  and  developed.  As  previously  stated, 
it  is  customary  to  make  the  spout  with  a  slight  flare,  or 
taper,  that  is,  to  consider  it  as  a  conic  frustum.  An  elbow 
being  required  in  order  that  the  discharged  oil  may  flow 
directly  downwards,  the  manner  of  representing  it  is  deserv- 
ing of  careful  attention.  Fix  any  convenient  point  on  the 
side  A  D^  as  at  jt,  \\  inches  from  A^  and  draw  a  horizontal 
line  indefinitely  toward  the  left;  produce  the  line  also  about 
1  inch  toward  the  right.  The  height  of  the  opening  in  the 
body  of  the  pump  head  is  now  set  off  along  the  line  A  /?, 
the  point  x  being  taken  as  the  center  of  the  opening,  which 
maybe  conveniently  made  1^^  inches  high;  a  distance  of 
f  inch  is,  therefore,  to  be  set  off  at  .r  ^  and  x  b.  Next,  set 
off  the  point  o  6|  inches  from  ;r,  and  complete  the  cone  by 
drawings  a  and  o  b\  these  lines  should  be  produced  slightly 
beyond  a  and  b  and  a  temporary  base  and  full  view  drawn  in 
the  manner  shown.  Now,  determine  the  exact  line  of  inter- 
section between  the  cone  thus  represented  and  the  cylinder 
that  represents  the  pump  head — this  operation  is  already 
familiar  to  the  student  and  needs  no  further  explanation. 

It  was  shown  in  Development  of  Surfaces  that  a  pattern 
for  a  two-pieced  elbow  is  produced  by  drawing  a  develop- 
ment of  a  cylinder  intersected  by  a  plane  at  an  angle  of  45**. 
This  property  is  also  true  of  the  cone,  provided  the  cutting 
plane  makes  the  required  angle  with  the  axis  of  the  cone. 
Hence,  draw  a  line  at  an  angle  of  45°  with  the  axis  o  x,  as 
the  line  c  d^  which  may  be  considered  as  the  line  of  inter- 
section of  the  two  portions  of  the  cone.  The  portion  thus 
cut  from  the  cone  is  shown  in  its  readjusted  position  in 
Fig.  51;  but  this  work  need  not  be  done  by  the  student,  since 
it  is  not  required  for  the  development  of  the  pattern.     The 
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point  c  is  2f  inches  from  ^,  and  the  distance  between  c  and  e, 
Fig.  51,  is  \  inch.  The  problem  now  becomes  one  of  develop- 
ing the  irregular  frustumjj  e  f  d c2Si^  c  d  b  a,  and  since  this 
subject  has  already  been  fully  explained  in  this  Course,  the 
student  needs  no  further  instruction. 

The  pattern  for  the  body  of  the  pump  will,  of  course,  be  a 
parallelogram  with  an  opening  of  irregular  outline  at  the 
intersection  of  the  spout.  This  opening  is  so  nearly  round 
that  most  mechanics  are  accustomed  to  cut  it  out  perfectly 
round  with  a  hollow  punch.  This  answers  all  purposes 
where  the  article  is  small,  but  when  large  work  is  under- 
taken, a  careful  development  should  be  drawn,  as  in  certain 
problems  of  Development  of  Surfaces,  This  is  accomplished 
by  drawing  the  stretchout  M  N  2ind  setting  off  thereon  the 
spaces  i-^,  2-S^  3-^^  etc.,  taken  from  similarly  designated 
spaces  in  the  plan.  Edge  lines,  indicated  in  Fig.  51,  are 
then  drawn  in  the  usual  way  and  the  resulting  figure  at  {d) 
is  the  outline  required. 


PROBLEM  19. 

512.    To  develop  the  patterns  for  a  coiileal  boss. 

Explanation. —  It  is  usual  to 
strengthen  the  spout  of  a  pump 
like  that  shown  in  Fig.  50  by  the 
addition  of  a  brace,  or  boss,  made 
in  conical  form  and  arranged  in 
the  manner  illustrated  in  Fig.  52. 
As  may  be  seen  from  the  figure, 
the  boss  consists  of  a  frustum 
whose  upper  base  joins  the  spout 
and  whose  lower  base  intersects 
the  body  of  the  pump  head.  The 
drawings  may  be  made  full  size, 
as  in  the  last  problem;  and  since 
this  work  might  be  considered  a 
continuation  of  that  problem, 
the  main  outlines  of  the  plan  and 
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elevation  of  Fig.  51  may  be  copied  on  a  sheet  of  clean  paper 
as  shown  in  Fig.  53.  The  specifications  for  the  boss  are 
stated  in  the  following  construction: 


Pig.  53. 

Construction. — The  angle  of  inclination  of  this  boss  is 
first  determined  at  the  pleasure  of  the  draftsman;  in  this 
case,  it  is  taken  as  30°  to  the  horizontal.  The  boss  should 
reach  along  the  sides  of  the  pump  body  as  far  as  possible, 
and,  therefore,  the  lines  that  define   its  outline  in  the  plan 
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should  be  tangent  to  the  circle  that  represents  the  body. 
Draw  the  lines  ^^  h  and  iJ2X  the  required  angle  and  tangent  to 
the  large  circle  in  the  plan.  Draw  the  line^y,  and  if  practice 
in  projection  drawing  is  desired,  the  student  may  project 
the  outline  to  the  elevation  and  work  out  the  correct  line  of 
intersection  in  that  view.  This  line  of  intersection  is  not 
required  in  the  elevation  in  this  case,  since  it  is  here  possible 
to  produce  the  pattern  from  the  drawing  in  the  plan.  The 
student  should  note  that  although  the  axis  of  the  cone  of 
the  boss  is  shown  in  its  true  length  in  both  the  plan  and  the 
elevation,  yet  it  is  only  in  the  plan  that  the  intersected 
surface — the  body  of  the  pump — is  shown  as  on  edge.  Draw 
the  line  //  /,  considering  it  as  representing  a  temporary  base 
of  the  cone,  and  describe  the  dotted  semicircle  that  appears 
in  the  plan  of  Fig.  53  as  the  half-full  view  of  the  base.  This 
semicircle  is  then  divided  by  spacing,  as  in  former  problems, 
and  elements  are  represented  extending  to  the  vertex  O. 
The  intersections  of  these  elements  with  the  outline  of  the 
pump  body  are  next  projected  to  the  true  edge  line  and  the 
development  completed  in  the  usual  way.  This  problem  is 
one  of  general  utility  in  the  trades,  and  its  construction 
should  be  thoroughly  understood  in  order  that  its  application 
may  be  made  as  occasion  requires. 


PROBLEM   SO. 

63.  To  develop  the  patterns  for  an  open  coal-hod 
body. 

Explanation. — A  perspective  view  of  the  coal  hod  is 
given  in  Fig.  54.  This  article,  as  well  as  many  of  those 
given  in  former  problems,  offers  a  wide  range  of  propor- 
tions and  styles  to  the  discretion  of  the  draftsman  and 
furnishes  ample  opportunity  for  practice  in  various  com- 
binations. The  hod  shown  in  Fig.  54  is  one  of  the  kind 
known  as  **open"  hods — that  is,  the  hod  has  no  covering 
over  the  funnel  end.  Coal  hods  are  designated  in  the  trade 
by  numbers  that  have  reference  to  the  extreme  length 
across  the  top,  as  indicated  by  the  dotted  line  A  B  in  Fig.  54. 
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Fig.  54. 


The  development  in  this  problem  is  of  an  18-inch  hod,  and 
the  drawings  are  to  a  one-quarter  scale,  that  is,  3  inches  to 

1  foot.  The  directions  for 
the  projection  drawings 
are  given  in  the  following 
construction : 

Construction. — A  right 
plan  and  elevation  are  re- 
quired in  this  case,  and 
since  the  only  dimension 
that  is  given  is  the  ex- 
treme slant  width,  this 
must  first  be  represented. 
The  angle  of  inclination 
of  this  line  is  indicated  in 
Fig.  55,  and  the  line  A  B^  18  inches  long,  is  therefore  drawn 
at  the  given  angle  to  the  horizontal.  By  means  of  the  30°  tri- 
angle, draw  from  the  point  A  the  line  A  C  downwards  and 
toward  the  right  of  the  drawing,  as  shown  in  Fig.  55,  ma- 
king the  line  13 J  inches  long.  Draw  the  horizontal  line  CD 
8j^  inches  long,  and,  finally,  a  line  connecting  the  points  D 
and  B.  The  principal  points  of  the  elevation  now  being 
determined,  the  plan  may  next  be  constructed  before  the 
curves  of  the  top  are  shown.  Therefore,  bisect  the  line  CD 
at  the  point  ;r,  and  in  a  convenient  place  on  the  drawing 
below  the  elevation,  draw  a  horizontal  line  of  indefinite 
length  that  will  serve  as  a  center  line  for  the  plan;  project 
the  point -r  to  this  line  at  o\  also  project  the  points  B^  C, 
and  Z>as  shown  at  ^,  r,  and  d^  respectively.  With  ^  as  a 
center  and  with  od  and  ^^  as  the  radii,  describe  the  arcs 
shown,  the  inner  curve  being  a  full  circle.  From  the  point  c 
draw  lines  at  an  angle  of  22^°  to  the  horizontal  and  com- 
plete the  triangle  A' c  A' m  the  plan  by  projecting  a  line 
from  the  point  A  of  the  elevation,  as  indicated  in  Fig.  55. 
Draw  lines  from  the  points  A'  that  will  be  tangent  to  the 
outer  arc  and  project  the  point  of  tangency/to  the  point  Tt; 
on  the  \'\n&  A  B  of  the  elevation.  The  completion  of  the 
elevation    may    now    be    made,    and    since    the    line    that 
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represents  the  upper  base  is  usually  given  a  double  curve,  it 
may  be  constructed  by  the  aid  of  the  compasses  as  follows: 

From  the  point  -^  as  a  center  and  with  a  radius  equal  to 
the  distance  A  w,  describe  an  arc  of  indefinite  length; 
intersect  this  arc  at  e  with  an  arc  of  the  same  radius  drawn 
from  the  point  w  as  a,  center;  from  e  as  center  and  with 
the  same  radius,  describe  the  arc  A  w,  as  shown.  In  a 
similar  manner,  the  arc  ze/ ^  is  described  from  the  center 
located  at  e'  and  with  a  radius  equal  to  the  perpendicular 
distance  w  B.  The  straight  line  A  w  should  be  lightly 
inked  in  on  the  drawing,  since  a  bend  is  made  along  this 
line  and  the  parts  of  the  coal  hod  above  the  line  are  in  a 
vertical  position.  In  the  construction  of  the  pattern,  the 
straight  line  A  w  alone  is  considered  as  bounding  the  sur- 
faces of  the  coal-hod  body,  and  no  attention  is  paid  to  the 
curved  flange  until  the  development  is  laid  off,  as  the  stu- 
dent will  perceive  during  the  instructions  that  follow. 

The  projection  drawings  are  now  complete  and  the  proc- 
ess of  development  may  be  at  once  started,  but  before  any 
work  is  done  the  student  should  carefully  consider  the  vari- 
ous portions  of  the  solid  thus  represented.  It  will  be  seen 
that  the  triangular  surface  A'cA'  in  the  front  of  the  hod 
may  be  laid  out  by  merely  projecting  its  full  view,  but  for 
the  remaining  portions  triangulation  alone  will  suffice.  The 
manner  of  laying  out  the  triangles  also  deserves  much  atten- 
tion, since  in  this  case  an  arrangement  can  be  made  that 
will  result  in  an  incorrect  pattern ;  if,  however,  the  triangles 
are  placed  in  accordance  with  the  general  contour  of  the  sur- 
faces and  with  due  regard  to  its  form,  a  correct  pattern  is 
sure  to  result. 

Let  the  upper  half  of  the  outline  of  the  lower  base  in  the 
plan — that  is,  the  part  of  the  outline  above  the  horizontal 
center  line — be  divided  by  spacing  into  a  convenient  num- 
ber of  equal  parts,  in  this  case  six,  as  indicated  by  the 
points  i,  S,  5,  7,  and  9  in  the  plan  of  Fig.  55.  Fix  the 
point  2  on  the  upper  base  at  the  extremity  of  the  tangent, 
and  divide  the  curved  portion  of  the  outline  of  the  upper 
base   into  five  equal  spaces,  designated  by  the   numerals 
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4,  6,  8^  and  10  in  Fig.  55.  Now  locate  the  triangles  on  the 
irregular  surface  of  the  coal  hod  by  drawing  A'  i,  1-2^  2-3^ 
S-i,  Jir-6^  etc.  It  will  thus  be  seen  that  a  plane  triangle  of 
comparatively  large  size  is  included  between  the  lines  A*l^ 
A  2^  and  1-2^  and  that  the  surfaces  of  the  triangles  included 
between  the  remaining  lines  just  drawn  are  slightly  curved, 
although,  by  the  arrangement  just  made,  the  curvature  is 
such  that  a  gradually  bending  effect  will  be  produced  when 
the  pattern  is  formed  as  required  by  the  drawings.  In  order 
that  the  student  may  see  the  effect  produced  by  drawing  a 
line  directly  between  the  points  c  and  2^  a  line  has  been 
drawn  in  the  lower  half  of  the  plan  between  the  points  c  and/", 
the  point  f  representing  a  position  corresponding  to  that  of  2 
in  the  upper  half  of  the  plan.  Note  that  a  portion  of  the 
length  of  this  line  is  shown  within  the  circle  of  the  lower 
base;  also  that  if  the  triangles  were  laid  off  in  this  manner, 
a  bend  would  be  required  along  the  line  c f^  which  is  not 
only  unnecessary,  but  would  tend  to  disfigure  the  appear- 
ance of  the  finished  article.  The  arrangement  shown  in  the 
upper  portion  of  the  plan  is  the  correct  one,  and  will  serve 
as  a  guide  when  the  student  is  called  on  to  produce  a  simi- 
lar development. 

All  the  points  noted  in  the  plan  are  now  to  be  projected 
in  the  regular  way  to  the  elevation,  as  shown  in  Fig.  55, 
and  lines  are  to  be  drawn  between  successive  points  on  both 
bases.  Before  the  development  can  be  made,  however,  the 
true  lengths  of  the  lines  forming  the  sides  of  the  triangles 
must  be  ascertained.  A  diagram  of  triangles  is  therefore 
constructed  as  shown  at  (ci)\  since  the  method  of  determin- 
ing these  triangles  has  already  been  explained,  further 
description  is  unnecessary.  It  will  be  seen,  by  comparing 
the  plan  with  the  elevation,  that  the  true  distances  between 
the  points  2^  4,  6,  etc.  on  the  upper  base  are  not  shown  in 
the  plan,  and,  therefore,  a  development  must  be  made  for  a 
portion  of  the  curved  top  of  the  hod.  The  stretchout  Al A^ 
is  accordingly  laid  off  as  shown  and  spaced  in  accordance 
with  the  width  of  the  similarly  numbered  spaces  in  the  ele- 
vation;   edge   lines   are    next    drawn,    and    points   thereon 
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determined  by  means  of  developers  drawn  from  the  plan ; 
through  the  points  thus  located  is  traced  the  curved  outline 
shown  in  Fig.  55  (^),  the  distances  for  the  pattern  radii  being 
taken  from  this  outline  as  hereinafter  shown. 

Everything  now  being  ready  for  the  development  of  the 
pattern,  a  line  of  indefinite  length  may  be  drawn,  as  the 
line  ^  ^at  {c) ;  perpendicular  to  this  line,  draw  the  line  A' A' 
and  make  it  of  the  same  length  as  the  similarly  lettered 
line  in  the  plan.  Next,  set  off  the  point  <:,  its  distance  from 
the  line  A'  A'  being  equal  to  the  length  of  the  line  A  C  oi 
the  elevation;  draw  the  two  lines  A' c,  thus  completing  the 
triangle  A'cA';  next,  construct  the  triangle  c A'  1^  the 
distance  cl  being  taken  directly  from  the  plan  and 
the  length  A'  1  from  the  proper  triangle  at  {a).  The  remain- 
ing triangles  are  constructed  as  shown  in  Fig.  55  and  are 
similar  to  those  of  former  problems. 

It  is  necessary  to  add  a  portion  to  the  pattern  thus  de- 
fined in  order  to  provide  for  the  upright  flanges  along  the 
lines  A'  2\  this  is  done  by  the  aid  of  the  compasses,  from  a 
center  located  at  e"^  and  with  a  radius  equal  to  the  true  dis- 
tance from  A'  to  the  point  2  as  taken  from  the  drawing 
at  (r).  The  surface  thus  represented  is  not  strictly  in  ac- 
cordance with  the  projection  drawing,  but  is  close  enough 
for  all  practical  purposes  and  economizes  work;  such  proc- 
esses are  allowable  in  cases  where  no  lines  of  intersection 
are  involved. 


SPECIFICATIOIS^S  FOR  DRAWING 
EXAMINATION  PLATE. 

64:«  General  Instructions. — The  three  examination 
plates  required  for  Practical  Pattern  Problems  are  to  be 
drawn  by  the  student  on  paper  of  the  same  size  as  that  used 
for  the  plates  of  preceding  subjects  of  this  Course,  viz., 
14"  X  18*.  The  Technical  Supply  Company's  paper  is 
recommended  as  having  a  good  surface  for  this  purpose. 
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although  any  white  drawing  paper  of  good  quality  may  be 
used.  As  before,  a  border  line  is  to  be  ruled  around  the 
sheet  ^  inch  from  the  edge,  thus  making  the  size  of  the  sheet 
on  which  the  drawing  is  made  13'  X  17'.  No  construction 
lines  needed  for  projections  or  developments  are  to  be 
erased.  These  construction  lines  are  not  shown  on  the  re- 
duced copy  of  the  plates;  but  should  be  shown  on  the  exam- 
ination plates  sent  to  the  Schools  for  correction.  The 
drawings  on  these  plates  will  possess  an  increased  value  to 
the  student  if  they  are  inked  in,  although,  as  in  the  prece- 
ding plates  of  this  Course,  pencil  drawings  will  be  accepted 
from  such  students  as  do  not  desire  to  acquire  proficiency 
in  the  matter  of  making  finished  working  drawings. 

65.  Description  of  Plate. — This  examination  plate  is  to 
contain  the  necessary  projection  drawings  of  an  oil  filter 
whose  description  is  given  in  the  following  article.  In  addi- 
tion to  the  projections,  the  student  is  required  to  draw  a 
suitable  development  for  each  of  its  parts  and  to  make  such 
an  arrangement  of  the  several  views  on  the  plate  as  to  pre- 
sent a  pleasing  appearance.  Each  portion  of  the  filter  as 
shown  in  the  projection  drawings  is  to  be  indicated  by  a 
capital  letter  and  the  corresponding  development  of  such 
portion  is  to  be  designated  by  a  similar  lower-case,  or  small, 
letter.  In  addition  to  this  work,  a  brief  recapitulation,  or 
description,  of  the  several  patterns  is  to  be  given  in  a  con- 
venient portion  of  the  drawing.  This  will  afford  the  stu- 
dent desirable  practice  in  the  use  of  the  lettering  alphabet 
given  in  Instrumental  Drawing  and  will  serve  to  illustrate 
the  manner  in  which  working  drawings  may  be  rendered 
more  intelligible  to  persons  unacquainted  with  the  processes 
of  development.  The  title  of  the  plate.  Examination  Plate  I, 
is  to  be  placed  in  the  upper  central  portion  of  the  drawing 
f  inch  below  the  border  line,  and  the  block  letter  described 
in  Instrumental  Draiving  should  be  used,  as  in  the  case  of 
the  drawing  plates  previously  described.  Before  the  work 
on  the  plate  is  undertaken,  the  student  should  make  i)re- 
liminary  drawings  on  other  paper,  in  order  that  he  may 
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form  an  adequate  idea  of  the  size  of  the  several  construc- 
tions. The  additional  practice  thus  obtained  will  be  of 
much  assistance  to  the  student,  and  he  will  then  be  better 
able  to  judge  as  to  the  best  relative  arrangement  that  can 
be  effected.  An  outline  perspective  of  the  oil  filter  is  given 
in  Fig.  56.  In  this  illustration,  the  dimensions  of  the  sev- 
eral parts  are  clearly  shown,  and  by  its  aid  the  student 
should  have  no  difficulty  in  constructing  the  required  pro- 
jections. The  developments,  or  patterns,  are  then  to  be 
laid  off  in  the  usual  way.  Suitable  edges  for  such  laps  and 
locks  as  may  be  required  are  also  to  be  indicated  on  the 
drawing. 

66,  Particulars  of  Filter.  —  In  many  establishments 
where  drilling,  threading,  and  tapping  machines  are  used,  or 
where  automatic  high-speed  operations  of  a  similar  charac- 
ter are  carried  on,  it  is  customary  to  allow  oil  to  flow  freely 
over  the  work.  This  oil  is  afterwards  collected  in  a  drain, 
or  drip,  pan,  but  since  it  contains  dirt  and  small  particles  of 
metal,  it  must  be  filtered  before  being  used  again.  For  this 
purpose,  a  specially  constructed  filter  is  necessary,  and 
several  styles  made  by  different  manufacturers  are  now  on 
the  market.  They  all  operate  on  the  same  general  plan, 
that  is,  a  cloth  strainer  is  first  used  to  remove  the  coarser 
and  more  solid  particles.  The  oil  is  then  passed  through  a 
layer  of  quartz  sand,  or  other  material,  into  the  receiver, 
and  is  then  in  a  condition  suitable  for  use.  The  cloth 
strainer  is  attached  to  a  metal  rim  that  may  be  readily 
removed  and  the  solid  particles  knocked  off,  while  the 
receptacle  containing  the  quartz  is  so  constructed  that  the 
sand  may  be  readily  taken  out  and  renewed. 

In  order  that  the  sediment  may  be  further  separated,  the 
drain  cock  from  the  receiver  is  attached  a  little  above  the 
bottom,  and  the  accumulation  of  sediment  that  forms  in 
the  bottom  of  the  tank  is  removed  through  a  handhole  at 
the  front  of  the  receiver.  A  specially  designed  filter  that 
meets  these  requirements  is  shown  in  Fig.  50;  it  is  seen  to 
consist  of  a  cylindrical  receptacle  A  whose  dimensions  are 
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given  in  the  illustration.  In  order  to  afford  stability,  since 
the  axis  of  the  cylinder  is  in  a  horizontal  position,  a  brace  C\ 
which  may  be  described  as  an  irregular  frustum  of  an 
equal-sided  triangular  prisni,  is  attached  to  each  side  of  the 
cylinder,  thus  preventing  any  rolling  motion;  these  braces 
are  mitered  into  the  curved  sides  of  the  cylinder  and  their 


1 

^^ 

1:2 

/ 

0  1 

-^^ 

a' 

h^^ 

-  2r 

w  — 

~^"^ 

"--^ 

■ 

""l 

'J4 


t-^^ 


-J- 


Fig.  56. 

outer  ends  stopped  by  pieces  of  metal.  The  spout  D  on  the 
front  of  the  receiver  is  a  cylinder  6  inches  in  diameter;  the 
upper  portion  is  cut  off  at  right  angles  to  its  axis,  and  a 
large  screw-cap  forms  a  means  of  ready  access  to  the  inside 
of  the  tank. 

The  discharge  cock  is  soldered  to  a  tube  \\  inches  in  diam- 
eter and  its  lower  edge  is  1  inch  above  the  bottom  of  the 
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tank;  this  tube  projects  3  inches  from  the  end  of  the  tank 
and  is  strengthened  by  a  boss  //,  whose  upper  sides  make  an 
angle  of  45"^  with  the  tank  head.  It  will  be  seen  from  the 
illustration  that  the  lower  edge  of  this  boss  coincides  for  a 
certain  portion  of  its  contact  with  the  edge  of  the  cylinder, 
and,  therefore,  may  be  described  as  a  solid  composed  of  a  por- 
tion of  a  frustum  of  a  cone  and  an  irregular  form  that  can  be 
developed  only  by  triangulation.  The  development  of  this 
boss  affords  an  interesting  opportunity  for  the  student  to 
display  his  knowledge  of  this  method  of  constructing 
patterns. 

The  filter  pan  £,  whose  sides  flare  at  an  angle  of  22^°  with 
the  vertical,  measures  at  the  base  16  inches  wide  by  22  inches 
in  extreme  length,  its  outline  at  the  ends  being  defined  by 
semicircles.  For  a  distance  of  H  inches  in  its  height,  this 
pan  has  straight  sides  that  are  made  small  enough  to  set 
down  in  the  part  F;  above  that  distance  they  flare  on  all 
sides  at  the  given  angle,  and  the  pan  is  finished  at  the  top 
by  a  straight-sided  portion  that  contains  the  rim  to  which 
the  cloth  strainer  is  attached. 

The  edges  indicated  by  W  are  wired  with  a  J-inch  rod,  but 
since  the  patterns  for  the  straight  portions  of  this  pan  will 
be  merely  straight  pieces,  or  strips,  of  metal,  they  may  be 
omitted  from  the  sheet,  as  may  also  the  pattern  for  the  per- 
forated bottom.  The  pattern  for  the  flaring  body  of  this 
pan  is  to  be  laid  out  so  that  two  similar  pieces  will  form  this 
part  of  the  article.  A  pitched  cover  G  ifi  one  piece  com- 
pletes the  work  that  is  required.  If  properly  arranged,  these 
drawings  may  easily  be  accommodated  on  a  sheet  of  the 
given  size.  The  projections  should  occupy  a  central  posi- 
tion on  the  plate,  and,  together  with  the  developments — 
with  the  exception  of  the  pattern  for  the  faucet  boss,  which 
is  to  be  made  to  a  scale  of  3  inches  to  1  foot — are  to  be 
drawn  to  a  scale  of  H  inches  to  1  foot.  The  patterns  for 
the  several  parts  of  the  article  are  to  be  indicated  by  letters, 
as  already  mentioned,  and  in  the  lower  right-hand  corner  of 
the  sheet  a  summary  of  the  work  may  be  added,  as  shown  on 
the  reduced  copy  of  the  plate. 
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The  different  patterns  that  are  to  be  shown  are: 

{a)  A  pattern  for  opening  in  body  of  receiver. 

{d)  A  pattern  for  opening  in  head  of  receiver. 

(c)  A  pattern  for  sides  of  triangular  brace. 

(d)  A  pattern  for  handhole  spout. 

(e)  A  pattern  for  one-half  of  section  £. 
*  (/)  A  pattern  for  one-half  of  section  F, 

(g)  A  pattern  for  flaring  cover. 

(A)  A  pattern  for  faucet  boss. 

With  the  exception  of  the  last  item  in  the  foregoing  list, 
the  patterns,  as  previously  stated,  are  drawn  to  a  scale  of 
H  inches  to  1  foot,  but  since  the  work  required  for  the  de- 
velopment of  the  pattern  for  the  boss  is  too  intricate  to  be 


Fig.  57. 

well  shown  in  such  a  small  drawing,  it  is  necessary  to 
reproduce  a  portion  of  the  projection  drawings  and  to  de- 
velop this  pattern  on  a  scale  twice  the  size  of  that  adopted 
for  the  other  portions. 

A    reduced   perspective   view  of    the   completed    filter    is 
given  in   Fig.   57.     Such  fittings  as  the  faucet,  the  .screw 
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top  for  the  handhole,  and  the  handle  for  the  cover  have 
been  omitted  from  the  illustration  in  order  that  the  actual 
work  required  of  the  maker  may  be  better  understood.  In 
this  illustration,  the  position  of  the  filter  is  somewhat 
changed  in  order  that  the  student  may  compare  the  two 
views  given  and  thus  arrive  at  a  better  understanding  of  its 
proportions.  The  student  will  also  derive  some  benefit 
from  an  inspection  of  the  reduced  copy  of  the  examination 
plate.  The  general  arrangement  of  the  different  views  is 
here  shown,  and  while  the  operations  are  not  clearly  defined 
in  the  drawing,  enough  is  outlined  to  enable  the  student  to 
apply  the  necessary  principles  to  his  plate. 


A    JL—19 
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(PART  2.) 


ENTRODTJCTION  TO  PROBLEMS. 

1.  The  problems  in  this  section  have  been  selected  with  a 
view  to  giving  the  student  needed  practice  in  the  develop- 
ment of  patterns  relating  to  pipe  and  conveyor  work.  The 
different  constructions  have  been  collectea  during  the  course 
of  a  long  experience  with  workshop  practice,  and,  therefore, 
are  of  great  value  to  the  student.  They  should  be  carefully 
drawn  in  accordance  with  the  text — merely  to  study  them 
is  not  sufficient.  The  practice  obtained  by  drawing  them 
is  nearly  as  efficient  as  can  be  obtained  in  the  drafting  room 
of  a  sheet-metal-working  establishment  under  the  guidance 
of  a  thoroughly  competent  and  skilled  patterncutter.  Until 
the  beginner  has  actually  worked  out  problems  relating  to 
the  daily  situations  of  life,  he  lacks  a  certain  consciousness 
of  his  ability  to  perform  difficult  operations  that  is  always 
characteristic  of  the  successful  mechanic. 

The  plan  of  making  paper  models  of  the  patterns  that  are 
developed  is  an  excellent  one,  and  if  the  student  is  in  a  po- 
sition to  make  sheet-metal  models  of  the  different  articles 
that  are  illustrated  in  this  Course,  he  will  find  it  a  source  of 
profitable  training.  Moreover,  should  any  errors  arise  in 
the  course  of  his  work,  they  are  sure  to  come  to  light  when 
'  the  model  is  made,  and  by  carefully  going  over  his  work, 
he  will  be  able  to  discover  and  rectify  any  blunders  that 

§18 
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may  be  made.  At  this  stage  of  the  instruction,  it  is  per- 
haps unnecessary  to  remind  the  student  of  the  importance 
of  accuracy,  for  he  has  already  had  ample  evidence  of  the 
slight  value  of  a  development  carelessly  drawn. 

Each  problem  should  be  carefully  drawn  by  the  student, 
but  it  is  not  required  that  the  drawings  should  be  sent  to 
the  Schools  for  correction  unless  the  student  meets  with 
insurmountable  difficulties,  in  which  case  assistance  may  be 
obtained  in  the  usual  way.  After  the  completion  of  the 
foregoing  work,  the  examination  plate  is  undertaken  in  ac- 
cordance with  previous  instructions  and  in  the  same  man- 
ner prescribed  for  the  plate  in  Practical  Pattern  Problems^ 
Part  1. 


GROUP  II:  PATTERNS  FOR  PIPEWORK. 


PROBLEM  81. 

2.  To  find  the  miter  line  and  to  develop  the  pat- 
terns for  elbows  of  any  number  of  pieces. 

Explanation. — The  general  method  t6  be  pursued  when 
a  development  is  required  for  a  two-pieced  elbow  of  any 
angle  has  already  been  shown  in  connection  with  a  problem 
in  Development  of  Surfaces.  There  is,  however,  a  more 
convenient  and  ready  way  by  means  of  which  a  pattern  may 
be  laid  off  for  an  elbow  of  any  given  angle  or  of  any  desired 
number  of  pieces.  This  method  involves  a  comparatively 
small  amount  of  work  in  projection  drawing  and  is  fre- 
quently accomplished  directly  on  the  sheet  metal  by  the  aid 
of  the  steel  square  and  the  dividers.  This  problem,  there- 
fore, is  of  general  utility  to  the  sheet-metal  worker,  and 
the  student  should  carefully  follow  the  instructions  and 
memorize  the  construction. 

Specification  — Three  elbows  whose  patterns  are  to  be 
laid  out  are  shown  in  Fig.  1  {a),  {b),  and  {c).  Both  {a)  and 
(b)  are  square  elbows,  or  elbows  of  90° — that  is,  lines  drawn 
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perpendicular  to  the  axes  of  the  two  end  sections  of  each 
elbow  form  an  angle  of  90° — the  elbow  at  (c)  being  one  of 
67^°.  Further,  (a)  is  a  four-pieced,  (d)  a  six-pieced,  and  {c) 
a  five-pieced  elbow. 

The  several  pieces  that  compose  an  elbow  are  commonly 
termed  sections  ;  the  end  sections  of  an  elbow  may  be  made 
of  any  conveniently  determined  length.  This  length — 
called  length  of  throat — may  be  set  off  at  the  pleasure  of 
the  draftsman  or  may  be  regulated  by  the  requirements  of 
any  particular  case,  and  in  some  instances  may  be  deter- 
mined by  the  sizes  of  sheets  that  are  at  hand.  The  same 
is  true  also  in  regard  to  the  middle  sections,  and  any  length 


90-  ^*; 


Fig.  1. 


may  be  chosen  that  is  consistent  with  the  prevailing  con- 
ditions. For  the  various  classes  of  work,  it  is  customary  to 
adopt  lengths  that  are  widely  different;  thus,  the  styles 
shown  at  {a)  and  {bi)  are  as  short,  or  as  ** close,"  as  they 
can  be  made— only  sufficient  length  being  allowed  to 
provide  for  the  two  necessary  rivets  and  the  required  edges 
that  must  be  thrown  off  for  seaming.  Elbows  of  this  form 
are  commonly  used  in  stovepipe  work  and  in  duct  work 
where  a  blast  is  not  used.  The  particular  style  shown  at 
{c)  is  ordinarily  used  for  turns  in  blowpipe  work,  for  grain 
chutes  and  conveyors,  and  for  work  of  a  similar  nature 
where  it  is  desired  to  reduce  the  frictional  resistance  to  the 
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lowest  possible  amount.     While  it  would  not  affect  the  an- 
gle of  the  elbow  if  some  of  the  middle  sections  in  the  same 
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Pig.  a. 


elbow  were  made   longer   than   others,  yet,  for  the  sake  of 
preserving   a   symmetrical    appearance,   such    lengths   are 
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usually  made  uniform.  The  diameter  at  the  openings  of 
these  elbows  may  be  taken  as  6  inches  and  the  drawings 
constructed  to  a  scale  of  3  inches  equals  1  foot. 

Construction. — The  drawings  shown  in  Fig.  2  (a),  (*), 
and  {c)  contain  all  the  preliminary  work  that  is  essential 
for  the  production  of  any  plain  elbow  development;  all  un- 
necessary work  has  been  omitted,  and  the  constructions  here 
shown  are  those  in  general  use  by  practical  cutters. 

Attention  is  first  directed  to  Fig.  2  (a),  by  means  of  which 
the  pattern  for  the  elbow  shown  at  Fig.  1  (a)  is  developed. 
First  describe  a  circle  A  ^  C  that  will  represent  a  plan  of  one 
of  the  end  sections;  note  that  at  (b)  and  (c)  this  operation 
is  still  further  shortened — only  a  semicircle  being  described — 
for  it  is  necessary  to  define  but  one-half  of  an  outline  that 
is  capable  of  division  into  symmetrical  halves.  The  outline 
of  this  circle  (or  semicircle)  is  next  divided  by  spacing  into 
a  convenient  number  of  equal  arcs — sixteen  being  taken  in 
this  problem.  Next,  in  the  position  shown,at  Fig.  2  (a),  an 
angle  a 6c  is  constructed  whose  measurement  will  be  the 
same  as  that  of  the  desired  elbow — in  this  case  90°.  From  b 
as  a  center  and  with  any  convenient  radius,  describe  an  arc, 
as  shown,  that  shall  intersect  a  b and  b c ;  bisect  the  angle abc 
by  the  line  bd  and  then  divide  that  portion  of  the  arc  in- 
cluded between  the  lines  ^^/and  be  into  a  number  of  spaces 
one  less  than  the  number  of  pieces,  or  sections,  required  in 
the  elbow.  That  is,  in  the  case  of  the  drawing  at  Fig.  2  (^), 
where  it  is  desired  to  produce  the  patterns  for  a  four-pieced 
elbow,  the  arc  is  divided  into  three  equal  spaces;  at  (^),  into 
five  equal  spaces;  and  at  (^),  '\\\\.o  four  equal  spaces.  From 
that  point  of  division  nearest  the  line  be — that  is,  the 
point  ^— draw  a  line  to  the  vertex  of  the  angle  at  b.  The 
line  b  e  may  now  be  used  precisely  as  though  it  were  a  regular 
line  of  intersection  projected  in  the  usual  way,  and  the 
method  is  the  same  for  elbows  of  any  diameter.  The  devel- 
opment is  next  constructed  by  laying  off  the  stretchout  M Ny 
as  shown  in  Fig.  2  {a)^  by  drawing  projectors — which  repre- 
sent, in  this  case,  assumed  edges — from  points  on  the  out- 
line of  the  circle  to  the  line  of  intersection  b  r,  and  thence 
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drawing  developers  to  the  edge  lines  in  the  development  in 
the  usual  manner.  Through  the  points  thus  determined  at 
the  intersection  of  the  developers  with  the  edge  lines  in  the 
development,  the  irregular  curve  of  '  the  pattern  may  be 
traced. 

The  manner  of  laying  off  the  pattern  for  the  outer  and 
middle  sections — that  is,  for  the  complete  elbow — although 
very  simple,  is  perhaps  deserving  of  some  attention.  The 
irregular  curve  that  is  produced  by  the  developments  in  Fig.  2 
is  the  only  one  needed  for  the  entire  elbow,  and  the  pattern 
may  be  cut  out  as  indicated  by  the  outline pgrs  in  the  illus- 
tration, care  being  taken  to  make  the  lines /^  and  rsot  the 
same  length.  A  sheet  of  metal  must  be  provided  that  is  of 
sufficient  length  to  provide  for  locks  and  edges,  and,  revers- 
ing the  pattern  as  required,  the  sheet  is  marked  as  indicated 
in  Fig.  3.  The  outer  parallel  lines  of  every  section  must  be 
equal,  in  order  that  there  may  be  no  projecting  corners 
when  the  metal  is  edged  in  the  proper  machines. 

Elbow  makers  distinguish  the  various  sections  of  an  elbow 
by  particular  names;  thus,  the  piece  commonly,  used  for  the 

large  end  a.  Fig.  3, 
is  called  the  iuft, 
and  is  chosen  for 
the  reason  that 
when  formed  up, 
the  joint,  or  seam, 
comes  on  the  under, 
or  throat,  side  t)f 
the  elbow,  and  is 
therefore  in  the 
place  least  exposed 
to  view.  The  sec- 
tion d,  Fig.  3,  is 
called  the  point,  and 
is  contracted,  or  **  drawn  in,'  to  enter  the  large  end  of  the 
pipe  to  which  it  is  fitted — its  seam  being  thus  partially  cov- 
ered. The  middle  sections  d  and  c  are  designated,  respect- 
ively. No.  1  and  No.  2  sections.     In  shops  where  four-pieced 


Fig.  8. 
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elbows  are  made  by  machinery,  the  stock  is  sorted  after  , 
being  cut,  and  elbows  of  the  better  grades  are  made  of  butts, 
points,  and  two  No.  1  sections,  thus  avoiding  seams  in  the 
back.  A  second  grade,  somewhat  cheaper,  is  made  in  which 
the  No.  2  sections  are  used.  For  general  trade  use,  how- 
ever, on  account  of  the  waste  of  stock,  this  distinction  can- 
not be  made,  and  it  is  customary  to  work  up  ail  the  sections 
as  they  are  cut  and  without  particular  regard  to  the  appear- 
ance of  the  seams. 

It  is  evident  that  an  elbow  of  any  desired  number  of  pieces 
may  be  readily  laid  out. by  the  method  that  has  just  been 
shown;  but,  since  it  is  often  desirable  to  produce  elbow  pat- 
terns without  loss  of  time,  what  are  known  as  elbow  charts 
are  frequently  used.  These  consist  merely  of  a  diagram  in 
which  the  angle  of  the  line  of  intersection  is  indicated,  and 
the  patterncutter  has  only  to  copy  the  angle  on  his  drawing 


Fig.  4. 

and  proceed  at  once  with  the  development.  In  place  of 
using  a  protractor  to  measure  these  angles,  they  are  con- 
structed as  right-angled  triangles  whose  bases  are  taken  of 
a  given  length  and  whose  heights,  or  altitudes,  vary  in  ac- 
cordance with  the  specified  angle.  Such  a  chart  is  shown 
in  Fig.  4,  and  if  desired  for  shop  use,  may  be  reproduced  by 
the  student  on  a  piece  of  thick  cardboard. 

Reference  to  Fig.  2  will  enable  the  student  to  understand 
that  the  processes  shown  at  {b)  and  (r)  are  similar  in  every 
way  to  that  shown  at  {a).  It  should  be  particularly  observed 
that  in  the  drawing  at  (^),  where  the  desired  development  is 
for  an  elbow  of  G7i^°,    the  angle  adc  is  laid  out  at   that 
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number  of  degrees.  It  is  then  bisected  in  the  usual  manner, 
and  the  miter  line,  or  line  of  intersection,  is  determined  in 
accordance  with  instructions  that  have  been  given  for  the 
elbow  at  {a). 


PROBLEM  ««. 

3.  To  draw  the  elevations  of  elbow^s  haTing:  any 
number  of  sections. 

Explanation. — It  has  been  shown  in  the  preceding  prob- 
lem that  when  the  sheet-metal  worker  wishes  to  lay  out  a 
single  plain  elbow — one  whose  seams  are  not  intersected  in 
any  way  by  adjoining  pipes  or  other  solids — it  is  not  essen- 
tial that  he  should  draw  a  complete  elevation.     In  many 


Fio.  5. 

instances,  however,  especially  where  intricate  intersections 
are  to  be  worked  out,  the  entire  elevation  should  be  pro- 
jected, and  in  the  following  problems  may  be  found  particu- 
lar cases  where  the  drawing  of  the  full  elevation  is  all 
important.     The  present  problem   is   introduced   in  order 
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that  the  student  may  be  in  possession  of  the  best  means  of 
producing  such  elevations.  No  development  of  the  surfaces 
of  these  elbows  is  to  be  drawn  in  this  case,  for  such  work 
would  be  merely  a  repetition  of  that  given  in  Problem  21.  . 
It  is  required  to  draw  elevations  of  three-,  four-,  and  six- 
pieced  elbows,  and  in  order  that  the  student  may  derive  the 
greatest  possible  benefit  from  this  exercise,  the  first  two 
drawings  may  represent  elbows  of  90°,  and  the  third  draw- 
ing an  elbow  of  60°.  Their  diameters  may  be  taken  in 
each  case  as  6  inches  and  the  drawings  made  to  a  scale  of 
3  inches  to  the  foot. 

Construction. — Draw  first  the  angles  abc^  Fig.  5  (rt),  (^), 
and  (^),  and  make  them  equal  to  those  of  the  required  elbows; 
that  is,  90°  at  (a)  and  (Jb)  and  60°  at  (c).  Next,  on  the 
line  ab  lay  off  a  distance  from  b  to  d  equivalent  to  the 
length  of  the  radius  desired  for  the  inner  curve  of  the  elbow. 
This  distance  varies  with  the  class  of  work  for  which  the 
elbows  are  intended  and  with  the  number  of  sections  in 
the  elbow ;  for,  as  will  be  seen  later,  this  distance  fixes  the 
length  of  the  middle  sections.  It  should  not,  therefore,  be 
laid  off  without  attention  to  these  details.  In  the  drawings 
at  {a)  and  {b),  the  distance  db  may  be  taken  as  2  inches  and 
in  the  drawing  at  {c)  as  1%  inches;  after  the  point  d  has 
been  located,  describe,  from  ^  as  a  center  with  db  as  a 
radius,  an  arc  intersecting  the  lines  ab  and  bc^  as  shown 
in  Fig.  5.  Make  da  equal  6  inches,  the  diameter  of  the 
elbows,  and,  with  ^^j:  as  a  radius,  describe  arcs  concentric  to 
those  first  drawn.  The  arcs  ac,  in  Fig.  5,  are  next  to  be 
divided  into  equal  spaces  one  less  in  number  than  the 
pieces  required  in  the  elbow;  that  is,  two  spaces  at  {a), 
three  at  (b),  and  five  at  {c).  Each  of  these  spaces  is  bisected 
in  turn,  and  the  joint  lines,  or  the  lines  of  intersection  of 
the  elbows,  are  indicated  on  lines  drawn  from  the  points  x 
to  the  vertex  b.  The  elevations  are  completed  by  repre- 
senting the  outlines  of  the  different  sections  of  the  elbows 
by  lines  drawn  tangent  to  the  arcs  ac  and  de  through  the 
points  that  were  located  by  the  first  spacing.  The  end 
sections  of  these  elbows  may  have  any  convenient  length 
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of  throat,  but  it  will  be  seen  from  Fig.  5  that  the  length  of 
the  middle  sections  as  shown  in  each  elevation  cannot  be 
changed  when  once  the  radius  db  has  been  fixed. 


PROBLISM  28. 

4.  To  develop  the  patterns  for  elbows  in  pipes  of 
irregular  sectional  outline. 

Explanation. — A  problem  in  producing  the  patterns  for 
stack  elbows  is  here  introduced  in  order  to  show  the  student 
that  the  principles  adapted  to  the  development  of  elbow 
patterns  in  round  pipe  are  applicable  also  to  elbows  for 
pipes  of  irregular  sectional  outlines.  In  many  localities, 
stacks  for  hot-air  heating  are  made  in  the  form  shown  in 
the  plans  of  Fig.  7;  that  is,  their  sectional  outlines  are  rep- 
resented by  a  rectangular  figure  having  semicircular  ends. 
A  perspective  view  of  two  elbows  for  pipes  of  this  sort  is 


Fio.  6. 

shown  in  Fig.  6.  The  drawing  at  (a)  represents  a  three- 
pieced  elbow  such  as  is  commonly  used  in  making  turns  from 
a  vertical  stack  to  a  horizontal  line  of  pipe ;  the  elbow  shown 
at  {b)  is,  by  trade  workers,  usually  termed  an  edgewise^  or 
flatwise^  elbow.  Its  use  is  obvious.  Elbows  of  this  sort  are 
very  generally  used  by  furnace  workers,  the  bend  at  (a) 
commonly  being  made  in  three  pieces,  and  that  at  {b)  in  two 
pieces.  These  drawings  are  to  be  made  to  a  scale  of 
3  inches  to  the  foot,  and  the  extreme  dimensions  of  the 
sectional  outline  may  be  taken  as  4^^  X  8*. 
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Construction. — The  miter  lines  for  these  elbows  are  to 
be  found  by  the  method  used  in  Problem  2L  In  this  case, 
it  is  necessary  to  draw  a  plan  that  will  show  at  least  one- 
half  of  the  full  outline  of  the  sectional  view.  The  plans 
and  elevations  may  be  constructed  substantially  as  they  are 
shown  in  Fig.  7;  next,  one-half  of  the  curved  outline  is 
divided  by  spacing  into  a  convenient  number  of  equal  parts, 


Fio.  7. 

as  in  the  case  of  elbows  for  round  pipe.  The  stretchout  M N 
is  then  laid  off  in  its  proper  position  and  edge  lines  erected 
in  the  usual  manner.  The  completion  of  the  development 
is  made  in  a  way  precisely  similar  to  that  shown  in  former 
problems,  and  needs  no  further  description. 

It  will  be  seen  from  Fig.  7  that  the  stretchout  has  been 
laid  off  in  such  a  manner  that  the  seams  of  the  different 
sections  will   come   at   the    points  ;r,   this  being  generally 
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regarded  as  the  best  place  for  the  joints.  In  many  shops, 
however,  the  seams  are  preferably  made  at  the  points^.  If 
it  is  desired  that  the  position  of  the  seam  should  be  changed 
in  any  way  from  that  shown  in  Fig.  7,  it  may  be  accom- 
plished very  readily  by  starting  the  stretchout  from  the 
required  point  in  place  of  from  the  points  x  as  here  shown. 

Capacity. — It  is  doubtful  whether  less  attention  is  ever 
paid  to  the  capacity  of  an  article  made  in  the  tin  shop  than 
in  the  case  of  stacks  for  hot-air  heating,  or  whether  there  is 
an  instance  where  a  more  important  matter  is  neglected. 
An  examination  of  work  that  has  been  installed  by  the 
average  heating  contractor  will  convince  almost  any  one 
that  little  or  no  care  has  been  expended  on  this  subject. 
In  order  that  these  problems  may  be  intelligently  studied, 
the  student  should  be  informed  as  to  the  usual  practice  of 
heating  engineers  in  the  matter  of  the  proportion  that 
should  be  maintained  between  the  capacities  of  the  upright 
stack  and  that  of  the  horizontal  feeder.  This  subject  is  not 
strictly  within  the  province  of  this  Course,  and  is,  more-  • 
over,  of  such  a  nature  as  to  require  that  the  different  con- 
ditions should  be  considered ;  for  example,  the  proportions 
that  would  answer  in  the  case  of  the  blast  system  of  heating 
are  not  the  same  as  are  used  where  the  ordinary  hot-air 
furnace  is  used  as  a  generator.  In  the  case  of  the  hot-air 
furnace,  it  is  usually  considered  the  best  practice  to  con- 
struct the  upright  stacks  so  that  they  will  have  a  sectional 
area  equal  to  two-thirds  that  of  the  feeder.  In  too  many 
cases  a  stack  containing  only  one-third  or  one-quarter  of 
the  sectional  area  of  the  feeder  is  expected  to  warm  an  ex- 
posed room  properly.  And  the  blame  for  the  inefficient 
heating  apparatus  is  improperly  placed  on  the  furnace, 
when  the  real  fault  lies  in  pipes  wrongly  planned. 

In  order  that  the  student  may  be  in  a  position  to  carry 
out  such  ideas  as  are  suitable  for  the  erection  of  a  properly 
installed  heating  plant,  he  should  be  expert  in  calculating 
the  areas  of  the  air  flues  and  the  velocities  of  their  currents. 
The  areas  of  pipes  circular  in  sectional  outline  may  be  taken 
directly   from   the    table    of    Areas    given   in   Arithmetic; 
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but  in  the  case  of  irregularly  shaped  stacks,  as  in  this  prob- 
lem, it  is  necessary  to  compute  the  areas  in  a  proper  man- 
ner. The  area  of  the  stack  in  this  case  may  be  found  by 
adding  the  area  of  the  parallelogram  a  dc  d a,t  {a)  to  that 
of  the  two  semicircles  at  the  ends  of  the  figure;  since  the 
areas  of  the  two  semicircles  may  be  taken  as  that  of  one 
complete  circle,  its  area  may  be  found  in  the  table  of  Areas. 

Area  of  4-inch  circle     .     .     .     12.57  square  inches. 
Area  of  parallelogram  4'  X  4''     16.00  square  inches. 

Total  area  of  stack    .     .     .     28.57  square  inches. 

Since  the  area  of  a  round  pipe  7  inches  in  diameter  is 
38.48  square  inches,  the  stack  illustrated  in  this  problem 
may  very  properly  be  used  in  connection  with  a  feeder 
7  inches  in  diameter.  Since  there  are  many  cases  where 
different  conditions  must  be  considered,  rules  for  the  pro- 
portions required  in  similar  cases  may  best  be  taken  from 
the  various  books  on  heating  and  ventilation.  This  prob- 
lem, however,  well  exemplifies  the  application  of  the  prin- 
ciples of  mensuration. 


PROBLEM  84. 

5.    To  develop  the  patterns  for  a  conic  elbonv. 

Specification. — The  conditions  that  are  illustrated  in  per- 
spective in  Fig.  8  are  not  in- 
frequently encountered  in 
blowpipe  work  by  the  sheet- 
metal  worker.  The  redu- 
cing, or  conic,  elbow  there 
shown  is  often  used  to 
complete  a  turn  between 
pipes  of  different  diame- 
ters. In  this  problem,  it 
will  be  assumed  that  the 
larger  pipe  is  12  inches  in 
diameter  and  the  smaller 
6  inches  in  diameter.  Their  f,©.  s. 
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position  is  such  that  the  axes  of  the  two  pipes  make  an 
angle  of  90° — that  is,  a  right  angle — and  the  connection 
piece,  or  conic  elbow,  in  this  case  is  to  be  made  in  four 
pieces.  The  drawings  are  to  be  made  to  a  scale  of  3  inches 
to  the  foot. 

Construction. — The  solution  of  this  problem  depends  for 
its  result  on  the  principle  that  the  miter  lines  laid  down  for 
the  production  of   elbows  in  cylindrical  pipes  will  also  hold 


Fig.  9. 


good  for  the  development  of  the  frustum  of  the  cone.  This 
is  found  to  be  the  q.^^'s^q  provided  the  miter  lines  are  placed  in 
the  same  relation  to  the  axis  of  the  frustum^  or  of  the  cone^ 
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as  they  were  to  the  axis  of  the  cylinder.  The  same  rules  that 
were  given  in  Problem  21  for  finding  these  lines  may  be 
used  in  this  case,  and  the  angles  may  accordingly  be  taken 
directly  from  the  drawings  for  that  problem. 

The  first  step,  however,  consists  in  laying  off  an  elevation 
of  such  a  frustum  as  will  contain  sufficient  material  for  the 
number  of  pieces  required  in  the  elbow ;  this  is  a  matter  for 
experiment,  and  it  will  be  seen  that  such  features  as  length 
of  throat,  number  of  pieces  required  in  the  elbow,  and  the 
lengths  of  the  separate  pieces  must  be  duly  considered.  In 
the  conditions  that  obtain  in  this  problem,  a  height  of 
14  inches  may  conveniently  be  taken  for  the  frustum;  this 
distance  is  accordingly  laid  off  on  the  line  O  3^  Fig.  9, 
from  A  to  B.  Through  ^and  perpendicular  to.^  B^  draw  CD 
12  inches  long;  and  through  A  draw  £ /^  6  inches  long;  then 
draw  C  E  and  D  F,  producing  them  until  they  meet  in  the 
point  O. 

A  half  plan  of  the  base  of  the  frustum  is  next  drawn,  as 
indicated  by  the  semicircle  C  S  D\  this  is  then  divided,  by 
spacing  in  the  usual  manner,  into  a  convenient  number  of 
equal  parts,  and  from  the  points  thus  located,  the  elements 
of  the  full  cone  are  then  projected  to  the  elevation.  The 
next  step  is  to  represent  the  miter  lines,  or  the  lines  of  inter- 
section of  the  elbow.  As  previously  stated,  these  lines  must 
be  at  the  same  angle  to  the  axis  of  the  cone  as  they  were 
to  the  axis  of  the  cylinder  in  Problem  21 — that  is,  the 
angle  O  G  i\  Fig.  9,  must  be  equal  to  the  angle  ^  ^  ^,  Fig.  2  (a). 
The  way  in  which  this  result  may  be  most  readily  accom- 
plished is  to  cut  a  cardboard  triangle  along  e  b  c.  Fig.  2  (^), 
and  to  use  this  triangle  in  connection  with  the  T  square  in 
the  same  manner  as  the  45°  or  the  60°  triangle  is  used. 
Having  constructed  one  of  these  triangles,  the  distance  C  u 
is  first  laid  off  as  a  convenient  length  for  the  throat  of  the 
end  section;  the  line  uv  is  then  drawn  by  the  aid  of  the 
cardboard  triangle  and  the  distance  v  w  laid  off  for  the 
length  of  the  second  section  of  the  elbow.  The  triangle  is 
next  reversed  and  the  line  w  x  drawn;  the  distance  ;r7  is 
made  the  same  length  as  the  distance  vw  and  the  line  y  z 
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drawn  after  again  reversing  the  triangle.  It  will  now  be  seen 
that  the  frustum  should  be  so  planned  in  regard  to  height  that 
the  distance  s  F  will  be  equal  in  length  to  the  distance  C  «, 
in  order  that  the  two  end  sections  of  the  elbow  may  present 
a  symmetrical  appearance.  The  four  sections  required  for 
the  elbow  are  designated  in  Fig.  9  (a)  by  the  letters  J/",  iV,  O, 
and  P,  and  in  Fig.  9  (fi)  a  drawing  is  shown  in  which  these 
sections  are  reversed.  That  each  section  in  the  drawing 
at  (^)  corresponds  with  the  similarly  lettered  section  in  the 
drawing  in  Fig.  9  {(i)  may  be  determined  by  measure- 
ment. The  sections,,  therefore,  when  fitted  together  to  form 
the  elbow  are  to  be  reversed  in  the  order  shown  in  the 
illustration.  The  development  of  the  patterns  for  the 
sections  of  this  frustum  is  accomplished  in  the  usual  way, 
and  is  well  shown  in  the  development  in  Fig.  9  {a).  Since 
patterns  of  this  sort  have  already  been  described  in  the  text 
of  preceding  problems,  no  further  instruction  in  that  par- 
ticular is  necessary. 

When  these  patterns  are  cut  out  of  metal,  as  in  the  pro- 
duction of  such  an  elbow,  it  is  usual  to  allow  edges  on  the 
side  nearest  the  apex  of  the  cone.  It  will  be  seen,  therefore, 
that  such  patterns  must  be  cut  from  separate  pieces  of  metal 
(or  from  the  same  piece,  if  the  pattern  for  each  section  is 
moved  the  width  of  the  allowance),  and  that  two  shear  cuts 
are  required  in  the  case  of  each  line  miter  in  the  elbow.  To 
provide  for  side  laps  or  locks,  the  usual  amounts  are,  of 
course,  allowed  at  the  ends  of  the  patterns. 


PBOBLEM  85. 

6,  To  develop  tlie  patterns  for  an  Irregular  inter- 
section of  an  elbow  -witli  a  stralgrht  pipe. 

Specification. — Fig.  10  is  a  perspective  view  of  the 
arrangement  of  pipework  that  forms  the  subject  of  this 
problem.     In  many  cases  of  blowpiping  it  is  necessary  to 
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connect  two  pipes  of  different  diameters  whose  axes  lie  at 
right  angles  to  each  other.  An  ordinary  T  joint  would  not 
suffice,  for  the  reason  that  it  is  important  to  secure  an  easy 
flow  of  air  through  the  pipes  and  to  reduce  the  frictional 
resistance  to  the  lowest  possible  amount.  The  fittings  that 
best  accomplish  this  result  are  shown  in  Fig.  10,  and  are 
subject  to  many  variations  to  suit  the  requirements  of  dif- 
ferent situations  for  which  the 
patterncutter  must  provide  for. 
The  larger  pipe  in  this  case  is 
assumed  to  be  12  inches  in 
diameter,  and  it  is  necessary  to 
introduce  a  pipe  10  inches  in 
diameter  by  means  of  a  five- 
pieced  elbow  whose  inner  sec- 
tions will  be  tangent  to  a  circle 
of  14  inches  radius.  The  axes 
of  the  two  pipes,  as  previously 
stated,  are  at  an  angle  of  90° 
to  each  other.  These  drawings 
are  to  be  made  to  a  scale  of 
1^  inches  equals  1  foot.  The 
construction  should  be  very  closely  followed,  for  by  slight 
modification,  the  method  herein  used  may  be  suited  to  a 
variety  of  conditions. 

Construction. — The  first  operation  consists  in  drawing  an 
elevation  of  the  elbow  that  will  meet  the  requirements  of  the 
foregoing  specification.  Since  this  process  has  been  fully  de- 
scribed in  Problem  22,  these  instructions  need  not  be  re- 
peated here.  It  is  necessary  to  outline  completely  all  the 
lines  of  a  full  elbow,  although  only  a  portion  of  those  lines 
are  to  appear  in  the  completed  drawing  of  the  connection. 
Any  horizontal  line,  as  ox^  Fig.  11,  may  first  be  laid  off,  and 
the  elbow  construction  produced  from  ^  as  a  center  by  the 
method  described,  the  distance  ox  being  made  equal  to  the 
length  of  radius  stated  in  the  specification;  i.  e.,  14  inches. 
After  the  elevation  of  the  elbow  has  been  drawn,  an  elevation 
of  a  portion  of  the  straight  pipe  is  to  be  placed  as  represented 


Fig.  10. 
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hy p qrs^  Fig.  11,  and  a  circle  described  in  the  plan  to  indi- 
cate the  outline  of  a  sectional  view  of  that  pipe.  The  differ- 
ent sections  of  the  elbow  have  been  designated  in  the 
drawing  in  Fig.  11 — commencing  with  the  lower  section — 


Fig.  11. 

as  ^,  A^  B^  C,  and  D.  It  will  be  seen,  if  the  drawings  are 
carefully  studied  at  this  point,  that  the  section  a  will  form 
no  part  of  the  completed  connection;  that  but  a  small  por- 
tion of  the  section  A^  a  certain  amount  of  the  surface  of 
section  />,  and  the  entire  sections  6  and  D  will  be  required. 
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Since  only  a  portion  of  the  sections  A  and  B  will  appear  in 
the  completed  patterns,  it  is  necessary  to  produce  their  lines 
of  intersection  in  the  projection  drawing;  this  necessitates 
the  construction  of  temporary  end  views  of  the  different  sec- 
tions of  the  elbow  and  the  representation  of  assumed  edges 
on  the  surfaces  of  the  sections  shown  in  the  elevation. 
Draw  first,  lines  that  will  represent  the  axes  of  the  different 
sections  of  the  elbow  at  A  and  B,  producing  the  axis  of  the 
section  B  indefinitely  toward  the  upper  portion  of  the  draw- 
ing, and  the  axis  for  the  section  A  toward  the  lower  edge  of 
the  drawing.  At  {c)  and  {d),  draw  half -full  sectional  views, 
and  divide  each  curved  outline  into  the  same  number  of  sim- 
ilar equal  spaces — afterwards  producing  the  lines  that  repre- 
sent the  assumed  edges  in  the  manner  shown  in  Fig.  11. 
The  next  step  is  to  represent  a  full  sectional  view  in  the 
plan  and  in  the  position  shown  at  {e) ;  this  latter  view  is 
then  divided  by  spacing  in  the  same  way,  and  from  the 
points  thus  located,  horizontal  lines  are  to  be  drawn  toward 
the  right  until  they  intersect  the  outline  of  the  larger  pipe 
in  the  plan.  From  the  points  of  intersection  in  the  plan  on 
the  outline  of  the  larger  pipe,  projectors  are  carried  to  the 
elevation,  and  through  the  points  at  the  intersections  of 
these  projectors  with  corresponding  projectors  previously 
drawn  from  the  views  at  (c)  and  (^),  may  be  traced  the  cor- 
rect lines  of  intersection  that  represent  the  division  between 
the  larger  pipe  and  the  sections  A  and  B  of  the  elbow.  It  will 
be  observed  that  this  irregular  curve  crosses  the  line  a'  b' — 
the  line  of  intersection  between  the  sections  A  and  B — at  the 
point  J'.  For  reasons  that  will  become  apparent  later,  it  is 
necessary  to  project  this  point/  to  the  views  at  (r)  and  (^), 
as  shown  atj'  and  j*. 

The  patterns  for  the  different  sections  may  now  be  laid 
off,  and,  accordingly,  the  stretchouts  J/iVand  M'  N'  may 
be  laid  off  and  developed  at  right  angles  to  their  re- 
spective sections  of  the  elbow.  In  developing  the  stretch- 
out M  iV,  it  will  be  seen  that  it  is  necessary  to  start 
from  the  point  y'  at  (r),  and  that  the  point  ^  at  (c) 
represents  the  position  of  the  central  and    longest    edge 


Digitized  by  VjOOQIC 


20  PRACTICAL  PATTERN  PROBLEMS.         §  18 

line  of  the  pattern.  The  completion  of  the  development 
for  this  section,  and  also  for  the  section  />,  is  in  line 
with  previous  developments,  and  needs  no  further  ex- 
planation. It  will  be  seen  that  the  upper  outlina  of  the 
pattern  at  (^)  is  a  curve  that  will  answer  for  the  sections 
of  the  elbow  at  C  and  D.  The  pattern  for  the  opening  in 
the  straight  pipe  is  laid  off  at  (//),  the  stretchout,  of  course, 
being  taken  from  the  plan.  If  it  is  desired  to  secure  great 
accuracy  in  this  development,  the  position  of  the  point  y 
may  be  located  on  the  view  at  {c)  and  be  further  noted  on 
the  stretchout  at  M'  N".  It  is  the  usual  practice  to  deter- 
mine the  position  of  such  intermediate  points  on  the  draw- 
ing and  to  designate  them  on  the  several  patterns  in  order 
that  the  different  pieces  of  the  connection  may  b«  more 
easily  fitted  together. 

Many  variations  of  this  problem  are  liable  to  occur  in  the 
course  of  the  experience  of  the  patterncutter.  For  example, 
a  case  may  arise  where  the  elbow  is  required  to  be  fitted  to 
the  straight  pipe  in  such  manner  that  the  axes  of  the  dif- 
ferent connections  do  not  lie  in  the  same  plane;  in  such  a 
situation,  it  is  merely  necessary  to  move  the  view  at  {e)  in 
a  vertical  direction — either  up  or  down  on  the  drawing. 
The  work  then  becomes  more  complicated,  for  the  reason 
that  a  greater  number  of  points  must  be  determined;  other- 
wise, the  same  principles  are  used  as  for  the  solution  of  this 
problem.  Again,  the  specifications  may  be  such  that  the 
elbow  is  at  an  angle  other  than  a  right  angle;  this  situation 
is  of  frequent  occurrence,  and  the  student  will  readily  see 
that  in  such  cases  it  is  merely  necessary  to  draw  the  elbow 
at  the  given  angle  and  in  accordance  with  the  instructions 
previously  given  in  Problem  22.  Such  fittings  as  have  been 
shown  in  this  problem  are  frequently  encountered  in  blast- 
pipe  work  and  in  the  erection  of  the  fittings  for  cotton  gins 
and  presses,  shavings  blasts,  and  dust  blasts,  and  in  many 
other  cases  that  might  be  mentioned.  It  would  be  well, 
therefore,  if  the  student  were  to  pay  especial  attention  to 
this  problem,  and,  as  far  as  possible,  endeavor  to  memorize 
its  construction. 
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PROBLEM  26. 

7.  To  develop  the  patterns  for  a  three-way  reduc- 
tion elbow. 

Specification. — The  conditions  that  are  covered  by  this 
problem  are  of  frequent  occurrence.  In  many  cases,  it  is 
desired  to  take, 
from  a  single  line 
of  pipe,  two  smaller 
branches  that  shall 
run  in  different  di- 
rections. A  p  e  r  - 
spective  view  of  the 
situation  is  shown 
in  Fig.  12.  The 
diameter  of  the 
large  pipe  is  20 
inches  and  of  each 
of    the    branches,  Fio.  la. 

12  inches;  each  branch  is  made  in  the  form  of  a  six-pieced 
elbow,  the  inner  sides  of  whose  sections  are  tangent  to  a 
circle  IG  inches  in  diameter — that  is,  the  **  throat  radius" 
is  16  inches.  The  perspective  drawing  shows  that  a  tran- 
sition piece  will  be  required  to  complete  the  connection 
between  the  large  pipe  and  the  sections  A  of  the  elbow; 
further,  that  the  arrangement  of  the  fitting  is  such  that  the 
sections  marked  A  intersect  each  other  for  a  certain  dis- 
tance. The  drawings  are  to  be  made  to  a  scale  of  1^  inches 
to  the  foot,  and  in  the  construction  of  the  elevation  it  may 
be  assumed  that  the  lines  that  are  to  represent  the  lateral 
sides  of  the  transition  piece  will  be  vertical  and  parallel. 

Construction. — As  in  the  preceding  problem,  the  first 
step  is  to  construct  the  proper  elevations  of  the  two  elbows 
in  correct  position;  after  the  elevation  of  one  of  these 
elbows  has  been  drawn,  as  in  Fig.  13,  the  horizontal  line  ^^7' 
is  produced  and  its  length  made  equal  to  the  length  of  the 
diameter  of  the  large  pipe,  since  in  accordance  with  the 
specifications,  the  lateral  outlines  of  the  transition  piece  are 
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to  be  represented  by  vertical  lines  in  the  elevation.  The 
elevation  of  the  other  elbow  when  constructed  will  overlap 
that  of  the  first  elbow.  It  is  already  known,  however,  by 
Practical  Projection^  that  the  line  of  intersection  of  two 
cylinders  and,  therefore,  the  line  of  intersection  of  these 
two  elbow  sections  will  be  represented  by  a  line  bisecting 
their  outlines,  and  the  line  bb'  is  accordingly  drawn  as 
shown  in  Fig.  13. 

From  the  points  a  and  a\  vertical  lines  may  be  drawn  to 
the  points  c  and  r' ;  there  being  no  specified  length  for  the 
line  ac^  it  may  have  any  convenient  length — say  10  inches — 
that  will  serve  to  give  a  proportionate  appearance  to  the  fit- 
ting. The  line  cc'  is  then  drawn  and  the  elevation  is  com- 
plete. The  plan  may  now  be  partially  outlined — a  circle 
20  inches  in  diameter  being  described  in  the  position  shown. 

It  will  now  be  seen  that  if  the  pattern  for  section  A  is 
developed,  the  patterns  for  the  entire  elbow  may  be  derived 
therefrom.  Accordingly,  the  axis  of  this  section  is  drawn 
and  conveniently  extended  toward  the  upper  portion  of  the 
drawing;  next,  at  (a)  is  constructed  the  semicircular  half- 
full  view  of  the  cross-section  of  the  elbow;  this  outline  is 
then  divided  into  equal  spaces,  and  from  the  points  thus 
determined,  edge  lines  are  drawn  across  the  elevation  of 
the  section.  The  development  of  the  stretchout  M N  for 
the  pattern  of  section  A  is  then  made  in  the  usual  manner, 
and  the  point  b  is  noted  at  x  in  the  outline  at  {a)  and  after- 
wards at  x'  on  the  stretchout  in  a  way  that  may  be  readily 
understood  from  an  inspection  of  Fig.  13.  The  pattern  thus 
laid  off  will  serve  equally  well  for  either  section  designated 
by  the  letter  A^  and  its  upper  outline  will  also  answer  for 
the  pattern  of  the  remaining  sections  of  the  elbows. 

The  patterns  for  this  connection  are  now  complete  with 
the  exception  of  thatfor  the  transition  piece.  From  Fig.  13, 
it  will  be  seen  that  the  lower  base  of  this  piece  has  for  its 
outline  a  circle,  and  that  its  upper  base  on  the  lines  ab 
and  ba^  is  defined  by  the  same  outlines  that  represent  the 
lower  ends  of  the  elbow  sections.  The  pattern  for  this 
piece,   therefore,   can   be   produced   only  by  the   method   of 
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triangiilation,  and  since  a  further  examination  of  the  draw- 
ing leads  to  the  conclusion  that  the  line  bo  divides  the  fig- 
ure into  symmetrical  halves,  it  is  seen  that  if  a  development 
of  either  side  is  made,  the  pattern  may  be  completed  by 
duplicating  the  resulting  figure.  It  is  seen  also  that  the 
circle  in  the  plan  represents  a  full  view  of  the  lower  base, 
and  that  from  the  lower  outline  of  the  pattern  at  (^),  the 
true  distance  around  the  upper  base  may  be  measured.  It 
remains,  then,  only  to  define  the  temporary  triangles  on  the 
surface  of  the  transition  piece  and  to  find  the  true  lengths 
of  their  remaining  sides.  The  first  step,  therefore,  is  to 
represent  the  section  of  the  upper  base  in  the  plan;  that  is, 
the  section  on  the  line  ba^  must  be  projected  to  its  proper 
place  in  the  plan.  Accordingly,  the  half-full  view  of  the 
section  of  the  elbow  is  described  as  shown  at  (^:),  spaced  off 
similarly  to  the  section  at  {a) ;  through  the  points  of  inter- 
section in  the  plan  of  projectors  drawn  from  {c)  with  those 
drawn  from  points  on  the  line  b  a\  the  curve  that  repre- 
sents a  foreshortened  view  of  the  upper  base  may  be  traced 
as  shown. 

Next,  the  outline  of  the  lower  base  of  the  transition 
piece  in  the  plan  is  divided  into  the  same  number  of  equal 
spaces  as  are  found  on  the  outline  of  the  upper  base.  Here 
it  may  be  noted  that  the  figure  may  be  further  divided  into 
symmetrical  halves,  for  it  is  seen  that  a  horizontal  line 
drawn  through  the  center  of  the  large  circle  in  the  plan  will 
accomplish  this  purpose.  In  order  to  avoid  confusion  of 
lines  and  to  lessen  the  work  of  development,  the  line  cf 
should  be  drawn  as  shown  in  Fig.  13.  For  convenience  of 
development,  the  points  on  the  upper  base  of  the  transition 
piece  in  the  plan  are  now  indicated  by  the  odd  numbers 
i,  5,  5,  etc.,  and  the  points  on  the  lower  base  by  the  even 
numbers  ^,  ^  ^,  etc.  The  triangles  may  now  be  indicated 
in  the  plan  by  drawing  lines  between  successive  points  on 
the  upper  and  lower  bases,  as  2S^  S-i,  4.-S,  etc.,  and  after- 
wards projecting  these  lines  to  the  elevation;  their  true 
lengths  are  found  in  the  customary  manner,  as  shown  by 
the  diagram  of  triangles  to  the  left  of  the  elevation. 


Digitized  by  VjOOQIC 


§  18    PRACTICAL  PATTERN  PROBLEMS. 


25 


The  necessary  preparation  having  been  accomplished,  the 
work  of  laying  out  the  pattern  may  now  begin.  As  stated 
elsewhere,  the  first  line  of  a  pattern  like  this  should  be,  if 
possible,  the  longest  that  is  readily  obtainable;  in  this  case, 
the  line  1-2^  as  taken  in  its  true  length  from  the  diagram 
of  triangles,  may  be  set  off  in  any  convenient  place,  as  at 
{d),  and  the  triangle  1-2-3  constructed  in  the  usual  man- 
ner. This  being  similar  to  preceding  developments,  it  is 
necessary  merely  to  note  that  the  true  radii  for  the  arcs  of 
the  upper  bases,  as  IS^  SS,  etc.,  are  taken  from  the  outline 
of  the  elbow  section  development  at  (^),  the  distances  being 
there  shown  in  their  true  length.  Since  similar  positions 
in  the  different  views  of  this  problem  are  designated  by 
corresponding  letters  and  figures,  the  method  of  construc- 
tion is  apparent. 


PROBLEM    97. 

8.     To  develop  the  pattern  for  a  four- way  branch  Y. 

Explanation. — There  are  many  cases  that  arise  in  the 
course  of  the  blowpipe  fitter's  experience  where  it  is 
desired  to  take  from  a 
leader,  or  main  pipe,  a 
number  of  branches, 
each  of  which  shall  run 
in  a  different  direction. 
Probably  no  two  pattern 
draftsmen  would  design 
the  fitting  that  is  suited 
to  these  requirements  in 
exactly  the  same  man- 
ner; in  fact,  there  are 
so  many  varying  condi- 
tions that  must  be  taken 
into  consideration  in 
work   of   this  class   that  ^'°-  ^^• 

it    is  exceedingly   difficult,   if  not  impossible,  to    indicate 
any  one  fitting   as  being  best  suited  to  all  situations  that 
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are  liable  to  arise.  The  feature  of  prime  importance, 
and,  therefore,  entitled  to  first  consideration,  is  that  the 
fitting  shall  be  so  constructed  as  to  provide  an  easy 
flow  for  the  contents  of  the  pipe.  In  all  work  of  this 
class,  no  pains  should  be  spared  to  make  all  bends  easy  and 
gradual,  and,  further,  the  fittings  and  connections  should 
be  so  constructed  that  the  work  may  be  readily  put 
together — even  by  inexperienced  workmen.  The  fitting 
shown  in  perspective  in  Fig.  14  is  a  form  that  is  generally 
recognized  by  sheet-metal  workers  as  well  adapted  to  the 
conditions  of  this  problem.  It  especially  commends  itself 
for  this  purpose  for  the  reason  that  by  slight  changes  in 


Pig.  15. 

the  construction  of  the  drawing  it  may  be  made  to  suit  a 
variety  of  purposes.  It  will  be  seen  during  the  construc- 
tion of  the  problem  that  the  draftsman  occasionally  adopts 
the  unusual  plan  of  determining  the  miter  line,  or  line  of 
intersection  of  the  different  portions  of  the  fitting,  by 
means  of  an  arbitrarily  drawn  outline.  When  this  course 
is  followed,  however,  the  other  portions  of  the  drawing 
must  be  changed  to  conform  with  the  changes  thus  made; 
in  other  words,  if  the  miter  line  of  a  compound  solid  be 
arbitrarily  drawn — that  is,  drawn  without  particular  refer- 
ence to  the  regular  methods  and  processes  that  have  here- 
tofore been  given  for  the  finding  of  such  lines — it  is  evident 
that  suitable  modifications  must   be  made  in  the  surfaces 
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affected  by  this  change  of  method.  In  order  that  the  stu- 
dent may  comprehend  exactly  what  is  meant  by  the  fore- 
going remarks,  his  attention  is  directed  to  a  study  of  the 
conditions  represented  in  Fig.  15.  The  perspective  draw- 
ing at  (a)  represents  an  intersection  of  a  frustum  of  a  cone 
with  a  cylinder;  the  drawings  necessary  for  the  production 
of  the  patterns  of  this  combination  would  be  constructed 
in  the  regular  way — that  is,  the  projection  would  first  be 
drawn  and  the  line  of  intersection  produced  by  means  of 
processes  that  have  been  previously  introduced — and  the 
development  of  the  pattern  for  the  two  pieces  would  then  fol- 
low in  the  usual  course.  But  suppose  that  for  some  reason 
it  were  desired  to  vary  this  mode  of  procedure  and  to  use 
a  different  line  of  intersection;  thus,  suppose  it  were  nec- 
essary to  retain  the  circular-shaped  end  to  the  frustum, 
but  to  have  the  surface  of  the  intersecting  solid  meet  the 
cylinder  along  the  dotted  line  e  at  (a).  It  will  be  clearly 
seen  that  this  result  could  be  accomplished,  but  the  pattern 
for  the  surface  of  the  intersecting  solid  could  no  longer  be 
produced  by  the  method  adapted  to  the  development  of 
radial  solids — the  method  by  triangulation  would  be 
required,  since  the  intersecting  solid  would  be  changed 
from  a  regular  conic  frustum  to  an  irregular  form  having 
but  slight  resemblance  to  its  former  self,  as  may  be  seen 
from  the  figure  at  (b).  While  such  miter  lines,  or  lines  of 
intersection,  have  been  spoken  of  as  being  arbitrarily 
drawn,  it  is  to  be  remarked  that  a  due  consideration  for  the 
resulting  form  must  be  observed  by  the  draftsman.  There 
are  probably  few  cases  where  the  imagination  of  the  drafts- 
man will  serve  him  in  better  stead  than  in  cases  such  as 
the  present  problem  presents,  for  it  is  all  important  that 
he  should  be  able  to  picture  to  himself  the  exact  form  that 
such  changes  will  produce. 

Specification. — It  is  assumed,  in  this  case,  that  three 
branches  are  to  be  carried  off  from  a  24-inch  pipe  in  such 
manner  that  the  angle  made  between  the  axis  of  each  branch 
pipe  and  the  axis  of  the  main  pipe  is  one  of  135°;  further, 
that   the   divergence   of   the  axes  of   the  branch  pipes,  as 
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shown  in  the  plan  of  the  fitting  is  such  that  they  form 
equal  angles  with  one  another.  The  open  ends  of  the 
branches  are  assumed  to  be  equal,  each  being  14  inches  in 
diameter.  The  fitting  is  well  shown  in  a  perspective  way 
in  Fig.  14,  and  from  that  view  it  is  possible  to  gain  an  ex- 
cellent conception  of  the  prevailing  conditions.  The  draw- 
ings are  to  be  made  to  a  scale  of  H  inches  equals  1  foot  and 
the  proportions  to  be  maintained  are  set  forth  in  the  follow- 
ing construction : 

Construction. — This  problem  illustrates  a  case  in  which 
comparatively  little  work  in  projection  is  employed,  although 
it  is  of  the  highest  importance  that  the  stildent  should  be 
able  to  understand  and  recognize  the  need  for  the  various 
steps  taken.  In  the  first  place,  a  circle  a  b  c,  Fig.  IG, 
whose  diameter  shall  be  equal  to  that  of  the  large  pipe,  may 
be  described  in  the  plan;  the  outline  of  this  circle  is  next 
divided,  either  by  spacing  or  with  the  30°  triangle,  into 
three  equal  parts,  thus  locating  the  points  a,  ^,  and  c.  In- 
dicate the  sectors  of  the  circle  by  drawing  the  lines  a  o^  do, 
and  c  o;  it  is  important  that  one  of  these  sectors  should  be 
in  the  position  of  the  sector  a  o  b,  Fig.  16,  in  order  that 
the  axis  of  one  of  the  branches  may  be  shown  in  the  eleva- 
tion in  its  true  length.  The  vertical  center  line  shown  in 
Fig.  16  may  now  be  drawn,  and  should  pass  through  the 
point  o,  the  center  of  the  circle  in  the  plan.  Next,  from 
any  convenient  point  on  this  line,  as  at  x,  draw  a  line  at  the 
given  angle — that  is,  135° — to  serve  as  the  center  line,  or 
axial  line,  of  the  branch  pipe. 

At  any  convenient  point  on  this  line,  chosen  with  regard 
to  maintaining  the  proper  proportions  of  the  fitting,  the 
perpendicular  e/is  erected — in  this  case  28  inches  from  x — 
and  it  may  be  assumed  that  a  section  on  this  line  shall  be  a 
circle  of  the  same  diameter  as  one  of  the  branch  pipes.  Ac- 
cordingly, the  half-full  view  shown  at  {a)  is  constructed,  and 
the  outline  of  the  semicircle  divided  into  a  convenient  num- 
ber of  equal  spaces,  in  this  case  six;  the  points  thus  located 
are  then  projected  to  the  line  r/*  in  the  manner  shown  in 
Fig.  16.      The  foreshortened  view  of   this  section   is   next 
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projected  to  the  plan  by  the  aid  of  the  half-full  view  shown  at 
(d),  and  from  the  points  a  and  b  lines  are  drawn  that  shall 
be  tangent  to  this  foreshortened  view.  The  plan  of  this 
fitting,  or  as  much  as  is  necessary  for  the  production  of  the 
pattern,  is  now  complete,  and  it  will  be  seen  that  the  lines /?^ 
and  b  o  represent  the  miter  lines,  or  the  lines  of  inter- 
section, that  separate  the  different  branches  of  the  fitting. 
At  this  juncture  the  draftsman  is  required  to  select,  at 
pleasure,  an  outline  that  shall  be  adopted  for  the  full  view 
of  a  section  on  these  lines.  It  may  be  stated  that  the 
usual  practice  is  to  adopt  a  parabolic  curve  for  the  outline 
of  this  section;  but  since  in  this  instance  the  drawing  of 
such  a  curve  would  involve  additional  work  on  the  part  of 
the  student,  the  purposes  of  the  present  problem  will  be  as 
well  served  if  the  section  be  considered  as  an  arc,  or  quad- 
rant, of  a  circle.  Accordingly,  a  view  is  constructed  at 
(^)  in  which  the  full  view  of  the  section  on  the  line  o  b  may 
be  shown,  and  in  order  that  the  projection  of  this  miter 
line  may  be  indicated  on  the  elevation,  the  view  at  (^/)  is 
also  drawn. 

After  the  views  at  (c)  and  (^/)  have  been  constructed,  and 
before  any  points  are  located  on  the  outline  of  the  curves 
there  shown,  an  important  matter  should  be  considered: 
Since  a  number  of  points  are  to  be  located  on  the  lower  base 
of  the  figure  to  be  developed,  and  since,  in  accordance  with 
preceding  instruction,  these  points  should  be  equal  in  num- 
ber to  those  on  the  upper  base  of  the  solid,  their  arrangement 
should  be  carefully  planned;  the  points  o  and  b  at  the  upper 
and  lower  extremities  of  the  miter  line  are  already  fixed,  and, 
if  possible,  the  division  of  the  lower  base  should  be  such 
that  these  points  may  be  utilized,  in  order  to  avoid  confusion. 
An  inspection  of  the  drawing  in  the  plan  will  show  that  a 
horizontal  center  line  may  be  drawn  that  will  divide  the 
fitting — or  as  much  of  it  as  is  necessary  for  the  develop- 
ment— ^into  symmetrical  halves.  This  line  {eg)  may  now  be 
drawn,  and  it  will  be  seen  that  of  the  six  spaces  required  for 
the  lower  base  of  the  fitting,  three  of  them  may  be  located  on 
the  outline  of  the  large  circle  in  the  plan  and  the  remaining 
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three  on  the  outline  of  the  full  view  of  the  miter  line 
at  (c);  this'is  indicated  in  Fig.  16  by  the  points  8  and  10  in 
the  plan  and  by  2  and  4  in  the  views  at  {c)  and  (d).  The 
points  2  and  4.  at  (c)  are  next  projected  to  the  miter  line  o  b 
in  the  plan,  where,  for  convenience,  they  are  designated  by 
similar  numbers;  they  are  also  noted  at  (rf),  and,  together 
with  the  points  8  and  10^  are  then  projected  to  the  elevation. 

It  is  now  possible  to  represent  the  remaining  sides  of  the 
triangles  in  the  plan  and  the  elevation,  and  lines  may  be 
drawn  between  the  successive  points  in  those  views;  thus,  oe 
being  already  represented  by  a  portion  of  the  horizontal 
center  line  in  the  plan,  draw  0 1^  1-2,  2-8^  3-4.,  etc.,  and  in 
like  manner  draw  similar  lines  in  the  elevation.  The  true 
lengths  of  these  lines  are  next  determined  by  means  of  the 
diagram  of  triangles  constructed  in  Fig.  16  at  the  right  of 
the  elevation  by  the  method  previously  shown  for  such  cases. 
It  will  now  be  seen  that  the  true  lengths  of  all  required  dis- 
tances may  be  found  in  the  drawings  thus  far  constructed; 
thus,  the  true  lengths  of  the  spaces  on  the  upper  base  may 
be  taken  from  the  view  at  (^),  those  on  the  miter  line  may 
be  taken  from  the  view  at  (r),  and  the  remaining  spaces  on 
the  lower  base,  from  the  outline  of  the  large  circle  in  the 
plan. 

Accordingly,  in  any  convenient  place  on  the  drawing,  draw 
a  line  of  indefinite  length,  as  the  line  eo  at  (^),  and  make  it 
the  same  length  as  the  correspondingly  lettered  line  in  the 
elevation  (which  is  there  shown  in  its  true  length).  Next, 
with  the  point  ^  as  a  center  and  with  a  radius  equal  to  the 
distance  ^i  at  (a),  describe  an  arc  of  indefinite  length,  after- 
wards intersecting  this  arc  at  1  with  an  arc  described  from  o 
as  a  center,  with  a  radius  equal  to  the  length  of  the  hypot- 
enuse of  the  triangle  that  represents  the  true  length  of 
the  line  ol  oi  the  plan.  The  remaining  triangles  necessary 
for  the  production  of  the  pattern  may  be  constructed  in  a 
similar  manner;  and,  if  desired,  the  work  may  be  done  on 
alternate  sides  of  the  line  ^^  at  (^),  thus  completing  the  full 
pattern  for  one  branch  of  the  fitting.  After  allowing  for 
the  necessary  locks  and  edges  required,  three  pieces  may  be 
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cut  out  similar  to  the  irregularly  shaped  outline  shown  at  (r), 
and  the  fitting  made  up  in  the  usual  way.  It  will  be  seen 
that  the  construction  here  given  may  have  many  variations; 
that  is,  the  size  of  the  different  openings  may  be  changed  at 
will,  and  all  the  branches  may  be  similar  or  of  different 
diameters.  The  length  of  the  different  branches  is  also  a 
matter  that  may  be  altered  at  the  pleasure  of  the  draftsman, 
and  by  dividing  the  plan  to  suit  the  requirements  of  any 
particular  case,  any  number  of  openings  maybe  introduced. 
For  the  general  purposes  of  the  blowpipe  fitter,  this  fitting 
will  be  found  to  possess  many  advantages,  and  the  student 
should  thoroughly  master  its  construction. 


PROBLEM  88. 

9.     To   develop   tlie   patterns  for  a   furnace .  setter's 
** center*'  boot. 

Explanation. — The  sheet-metal  worker  engaged  in  erect- 
ing hot-air  heating  plants  has  frequent  use  for  a  fitting,  or 
(transition   piece,    to  use   in   connecting 
pipes  that  are  different  in  sectional  out- 
line.    The  case  of  most  frequent  occur- 
rence,  perhaps,   is   that  of    the  oval  or 
rectangular   riser   to    which    the    round 
cellar  pipe  must  be  connected  in  a  suit- 
able way.     This  result  is  usually  accom- 
plished— although  in  a  very  objectionable 
way  from  the  standpoint  of   the  modern 
^^*'*"^^^     and  up-to-date  heating  engineer — by  the 
^*°- '^-  arrangement  shown  in  Fig.  17;  that  is, 

the  riser  is  allowed  to  project  some  distance  into  the  cellar, 
is  capped  at  its  lower  extremity,  and  a  circular  collar  is  cut 
into  one  of  its  flat  sides.  It  will  be  seen  that  this  fitting 
does  not  admit  of  the  best  conditions  of  service,  since  a 
certain  amount  of  the  capacity  of  the  round  pipe  is  at  once 
cut  off,  and,  besides,  the  air  must  make   a  sharp  turn  at 
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nearly  a  right  angle.  If  a  fitting  of  the  form  shown  in 
Fig.  18  is  used  in  such  cases,  a  three-  or  four-pieced  elbow 
will  give  a  gradual  turn  and  afford  at  the  same  time  a  ready 
means  of  making  direct  connection  with  the  furnace;  for 
the  elbow  at  the  bottom  of  the  fitting  may  be  turned  in  aTiy 
desired  direction,  thus  often  saving  elbows  or  angles  in  the 
round  cellar  pipe.  For  the  purposes  of  exemplifying  this 
problem,  the  drawings — which  are 
to  be  made  to  a  scale  of  3  inches  to 
the  foot  —  represent  a  connection 
between  a  round  pipe  12  inches  in 
diameter  and  an  oval  stack  5  inches 
by  IC  inches;  the  cross-section  of 
this  oval  pipe  is  represented  by  a 
figure  having  parallel  sides  5  inches 
apart  and  its  ends  formed  by  semi- 
circles, as  in  the  ''oval"  pipe  in 
Problem  23.  The  height  of  the 
transition  piece  may  be  taken  as 
6  inches,  and,  as  is  usual  in  such 
cases,  collars  2  inches  in  height  are 
attached  at  each  end  of  the  fitting. 

Construction. — As  may  be  un- 
derstood from  the  perspective  view 
of  this  fitting  shown  in  Fig.  18,  the  development  of  the 
pattern  is  by  triangulation.  In  making  the  projection 
drawings,  the  plan  is  to  be  drawn  first.  Begin  this  with 
the  vertical  center  line  A  B,  as  in  Fig.  19,  and  then  con- 
struct the  outlines  of  the  upper  and  lower  bases  of  the 
fitting  in  accordance  with  the  dimensions  previously  given. 
The  horizontal  center  line  CD  may  then  be  drawn,  and  it 
will  be  seen  that  the  plan  is  thus  divided  into  symmetrical 
quarters ;  all  the  work  that  is  necessary  for  the  production 
of  the  pattern  may  therefore  be  accomplished  in  one  of 
these  divisions.  The  elevation  is  next  produced,  as  in  Fig.  19. 
The  projection  drawings  being  now  complete,  the  next  step 
is  to  arrange  the  triangles  on  the  irregularly  curved  surface 
of   the.  fitting,   and   then    to   find    the  true  lengths  of   all 


Fig.  18. 
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required  lines,  as  in  former  problems.  It  will  be  seen,  from 
an  examination  of  the  drawing  in  the  plan,  that  the  portion 
of  this  fitting  bounded  by  the  lines  Ca^  a  b^  and  bC  \%z, 
plane  triangle;  this  triangle  may  accordingly  be  disregarded 
in  the  location  of  the  triangles  for  the  remainder  of  the  sur- 
face. The  outline  of  the  curved  portion  of  the  upper  base 
is  therefore  divided  into  a  convenient  number  of  equal 
spaces,  in  this  case  four,  and  an  equal  number  of  spaces  are 
set  off  on  the  outline  of  the  lower  base. 


m^^ — «- 


Fig.  If. 

For  convenience  of  reference,  the  points  that  designate 
positions  on  the  lower  base  may  be  indicated  by  the  odd 
numerals  i,  3,  5,  and  7,  while  the  points  on  the  upper  base 
may  be  marked  with  the  even  numerals  2,  4,  6\  and  8. 
Draw  lines  in  the  plan  between  succeeding  points,  that  is, 
draw  Cb,  b  1,  1-2^  2^,  etc.,  and  project  these  lines  to  the 
elevati'jn.  Since  these  lines  cross  one  another  in  the  plan, 
it  is  necessary  to  be  very  careful  not  ti>  mistake  one  for 
another;  it  is  for  this  reason  that  successive  numbers  should 
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be  chosen  for  the  points  in  regular  order,  and  if  this  arrange- 
ment is  adopted,  error  will  be  less  frequent.  The  triangles 
having  now  been  laid  off  on  both  views,  it  remains  only  to 
find  the  true  lengths  of  such  lines  as  are  shown  foreshort- 
ened and  to  construct  the  triangles  in  their  fi^^ize  in  the 
pattern.  The  usual  method  of  finding  these  true  lengths 
by  the  aid  of  a  diagram  of  triangles  is  shown  in  Fig.  19. 
and  needs  no  explanation,  since  the  student  is  already 
familiar  with  the  method  of  procedure. 

The  construction  of  the  triangles  in  their  full  size  in  the 
pattern  at  {a)  is  a  comparatively  easy  matter,  since  the  true 
lengths  of  the  distances  on  the  upper  and  lower  bases  are 
shown  in  the  plan,  and  these  lengths  may  be  taken  directly 
therefrom  in  the  dividers.  The  allowances  for  side  locks 
and  for  seaming  are  made  in  the  customary  way ;  the  pat- 
terns for  the  upper  and  lower  collars,  being  merely  strips  of 
metal  2  inches  wide  and  of  lengths  that  may  be  ascertained 
by  taking  the  stretchouts  of  the  upper  and  lower  bases,  are 
also  very  simple  and  need  not  be  explained.  It  may  be 
stated  that  fittings  of  this  form  are  now  coming  into  very 
general  use,  and  several  of  the  prominent  jobbing  houses 
carry  them  regularly  in  stock.  Since  there  is  such  a  variety 
of  sizes  in  the  furnace  worker's  experience,  it  is  very  de- 
sirable that  the  mechanic  should  be  informed  as  to  the  best 
means  of  producing  the  pattern  for  any  special  size  that  he 
may  have  occasion  to  use. 


PROBLEM  80. 

10.  To  develop  the  patterns  for  a  ftirnace  setter's 
"oflteet"  boot. 

Explanation. — In  the  installation  of  hot-air  furnace  work, 
the  upright  pipes,  or  risers,  being  enclosed  in  the  different 
partitions  of  a  house,  it  frequently  happens  that  when  the 
furnace  setter  comes  to  connect  his  pipes,  he  finds  one  or 
more  of   them  directly  over   a   stringer,  or   subjoist,  and 
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that  the  fitting  illustrated  in  the  foregoing  problem  cannot 
be  used.  In  such  cases,  what  is  called  an  offset  boot,  shown 
in  Fig.  20,  is  very  often  employed.  This  is  a  very  useful 
fitting,  and  since  the  amount  of  offset  can  be  varied  at 
the   plea^i^  of   the   draftsman,   a   fitting  of   this   sort   is 

capable  of  many  adapta- 
tions. In  this  problem, 
the  connection  is  to  be 
represented  as  made  be- 
tween pipes  of  the  same 
size  and  form  as  those 
in  Problem  28;  the  offset 
is  one  of  6  inches,  and 
the  drawings,  as  before, 
are  to  a  scale  of  3  inches 
Fio.  ao.  equals  1  foot. 

Construction. — The  plan  shown  in  Fig.  21  is  first  con- 
structed. In  this  drawing  it  will  be  seen  that  the  offset  of 
6  inches  is  measured  along  the  horizontal  center  line  from 
the  point  q  on  the  outline  of  the  circle  to  the  right-hand 
edge  of  the  outline  of  the  oval  pipe.  The  elevation  is  next 
constructed.  In  this  view  it  is  seen  that  the  upper  collar 
of  the  fitting  must  be  so  made  as  to  allow  the  free  passage 
of  the  air.  If  a  straight  strip  of  metal  were  utilized  for  the 
pattern  of  this  collar,  a  certain  amount  of  the  air  passage 
would  be  obstructed,  and,  to  overcome  this  difficulty,  the 
upper  line  of  intersection — b'  r'  in  the  elevation — is  given  a 
slight  inclination.  This  line  of  intersection  is  determined 
as  follows:  The  height  of  the  fitting  being  stated  as  6  inches, 
a  vertical  line  is  carried  to  the  elevation  from  the  right-hand 
edge  of  the  plan :  a  horizontal  line  is  then  drawn  through 
the  elevation  at  any  convenient  distance  above  the  plan.  A 
portion  of  this  line  is  taken  for  the  lower  base  of  the  transi- 
tion piece,  as  may  be  determined  by  the  projection  of  the 
points  a  and  q  from  the  plan.  On  the  vertical  line  first 
drawn,  the  position  of  the  point  r'  is  next  fixed  6  inches 
above  the  point  x\  draw  the  line  q'  r'  in  the  elevation  and 
bisect  the  upper  angle  formed  between  this  line  and  the 
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right-hand  outline  of  the  upper  collar.  To  complete  the 
projections,  the  left-hand  edge  of  the  oval  pipe  may  next 
be  projected  to  the  elevation  and  the  line  a!  b'  drawn  in 
that  view. 

It  will  now  be  seen  that  it  is  necessary  to  determine,  on 
the  line  b'  r\  the  outline  of  a  section  of  the  oval  pipe.  This 
is  accomplished  by  first  dividing  the  outline  of  the  curved 
portion  of  the  oval  pipe  in  the  plan  into  a  number  of  equal 
spaces,  eight  in  this  case,  and  projecting  the  sectional  view 
in  the  usual  way,  as  shown  at  {a).  This  operation  deter- 
mines the  true  distances  between  the  points  on  the  upper 
base  of  the  irregular  transition  piece.  The  outline  of  the 
semicircle  in  the  plan  is  next  divided  into  the  same  number 
of  spaces  as  were  used  for  the  curved  portion  of  the  upper 
base.  These  points  on  the  different  bases  may  now  be 
indicated  by  letters,  as  shown  in  Fig.  21 ;  that  is,  a,  c,  e,  etc. 
on  the  lower  base  and  A,  dy  fy  etc.  on  the  upper  base.  The 
plane  tfiangles  a  w  b  and  q  r  v  may  for  the  present  be  dis- 
regarded, and,  as  required  in  the  case  of  triangulation 
developments,  the  triangles  needed  for  the  development  of 
the  curved  surface  may  now  be  indicated  in  both  views  by 
drawing  lines  between  the  succeeding  points  thus  noted; 
that  is,  draw  ab^  bc^  cd,  etc. 

The  next  step  in  the  production  of  the  pattern  is  to  deter- 
mine the  true  lengths  of  these  lines  by  means  of  a  diagram 
of  triangles.  To  avoid  confusion,  these  triangles  are  set 
off  on  both  sides  of  the  elevation.  The  manner  in  which 
this  is  done  in  Fig.  21  is  slightly  different  from  that  used  in 
the  preceding  problem,  but  the  method  has  already  been 
given  in  Development  of  Surfaees  as  one  of  the  modified 
methods  of  triangulation  development.  It  will  be  seen  that 
the  required  distances  have  been  taken  from  the  plan  and 
set  off  on  the  horizontal  base  line  from  the  vertex  of  the 
right  angle,  and  that  the  letter  used  to  designate  the  tri- 
angle is,  in  each  case,  the  last  one  indicated  in  the  plan ; 
that  is,  the  first  triangle  constructed  is  the  one  needed  to 
determine  the  length  of  the  line  b  r,  and  is  designated  by 
the  letter  c  in  the  diagram  of  temporary  triangles.     The 


Digitized  by  VjOOQIC 


38 


PRACTICAL  PATTERN  PROBLEMS.    §  18 


^ 


Digitized  by  VjOOQIC 


§  18    PRACTICAL  PATTERN  PROBLEMS      39 

letter  d  indicates  the  triangle  by  which  the  length  of  the 
line  c  d\%  found,  etc. 

The  construction  of  the  pattern  is  made  in  the  following 
way :  The  line  a!  b'  being  shown  in  the  elevation  in  its  true 
length,  and  being,  besides,  the  longest  of  the  true  edge 
lines  of  the  elevation,  is  first  set  off  in  a  conveni^t  place 
on  the  drawing,  as  at  {b).  The  angle  ^  ze;  ^  is  a  right  angle, 
as  may  be  determined  from  the  plan,  and  is  accordingly 
copied  at  {b)  as  shown,  the  length  of  the  side  w  b  also  being 
taken  from  the  plan.  Next,  the  triangle  ^  ^  ^r  is  constructed 
at  (^)  in  the  usual  manner,  and  the  completion  of  the 
remainder  of  the  pattern  differs  from  former  constructions 
only  in  the  fact  that  the  distances  for  the  radii  b  d,  d  f,  f  h^ 
etc.  are  taken  from  the  outline  of  the  sectional  view  that 
was  constructed  at  {a).  The  drawing  at  {V)  shows  one-half 
of  the  complete  pattern  for  the  transition  piece,  but  since  it 
is  not  desirable  to  make  the  seams  for  a  pattern  of  this 
shape  at  such  places  as  along  the  lines  a  w  and  q  v,  the 
pattern  is  usually  cut  as  on  the  line  ij.  The  resulting 
pieces  are  then  treated  as  one-half  of  two  separate  patterns, 
and  the  lines  a  w  and  q  v  become,  respectively,  center  lines 
for  the  different  patterns.  To  the  outlines  thus  determined, 
edges  are  then  added  in  the  usual  way.  The  pattern  for 
the  upper  collar  is  next  laid  out  by  the  usual  method  adopted 
in  the  case  of  parallel  forms,  as  shown  in  Fig.  21  {c) ;  the 
stretchout  for  this  development  is,  of  course,  taken  from 
the  outline  of  the  oval  pipe  as  it  is  shown  in  the  plan.  The 
pattern  for  the  lower  collar  is,  as  in  the  last  problem,  a 
straight  strip  of  metal  and  needs  no  further  explanation. 

Patterns  of  this  form,  to  which  the  method  by  triangula- 
tion  must  be  applied,  require  the  close  attention  of  the 
draftsman,  and  unless  he  is  very  particular  to  observe  the 
succession  of  points  in  their  regularly  occurring  order,  he  is 
very  apt  to  become  confused.  The  method  of  designating 
these  points  by  letters  in  regular  order,  or  by  numbers  sim- 
ilarly arranged,  is  of  great  help  to  the  draftsman,  and  no 
complicated  development  should  be  undertaken  without 
first  adopting  some  regular  method  of  indication. 
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PROBLEM  80. 

11.  To  develop  tlie  patterns  for  an  Irregrular  ellipti- 
cal elbow. 

Specification. — In  the  erection  of  the  smoke  pipe  for  a 
certain  class  of  steam  heaters  provided  with  elliptical  col- 
lars, it  IS  often  desirable,  in  order  to  obtain  the  greatest 
amount  of  headroom  in  the  cellar,  to  make  the  entire  line 
of  pipe  elliptical  in  sectional  outline.  To  accomplish  this 
result,  an  elbow  like  that  shown  in  perspective  in  Fig.  22 
must  be  used ;  for,  if  a  regularly  made  elliptical  elbow  were 

used,  the  major  axis  of  a 
section  through  the  main 
pipe  would,  in  certain 
cases,  be  in  a  vertical  po- 
sition, and  would  involve 
increased  cellar  obstruc- 
tion. 

The   drawings  for  this 
problem   are    to   be    con- 
structed    to    a    scale    of 
^^•^-  IJ  inches  to  the  foot,  and 

the  sectional  view  of  the  main  pipe  is  assumed  to  be 
the  same  in  outline  as  that  of  the  collar  on  the  heater. 
This  ellipse  may  be  described  by  circular  arcs,  as  in  Geomet- 
rical Draiving^  its  major  axis  being  20  inches  long  and  its 
minor  axis  12  inches  long.  A  height  of  10  inches  is  as- 
sumed between  the  shoulder  of  the  collar  and  the  under  side 
of  the  main  pipe. 

Construction. — First  construct  the  ellipse  whose  major 
axis  is  represented  on  the  horizontal  line  a  h,  as  shown  in 
the  plan.  Fig.  23;  this  ellipse  is  assumed  to  represent  the 
outline  of  the  heater  collar  and  will  serve  for  the  plan  view 
of  the  lower  base  of  the  solid  that  is  to  be  shown  in  the 
elevation.  From  the  point  x,  at  the  intersection  of  the 
major  with  the  minor  axis,  carry  a  vertical  line  of  indefinite 
length  upwards  to  the  elevation  and  draw  the  horizontal 
line  a' b'   in  that   view   for   the    lower   base  of    the  elbow. 
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Parallel  to  a!  b^  and  10  inches  above  that  line  draw  c c\  and 
extend  it  indefinitely  on  both  sides  of  the  vertical.  At  any 
convenient  point  on  this  line,  as  at  c\  erect  a  perpendicular, 
on  which,  as  a  minor  axis,  construct  the  ellipse  shown 
at  {a).  This  is  to  be  of  the  same  size  as  the  ellipse 
previously  constructed  in  the  plan.  From  the  upper 
end  of  the  minor  axis  at  (^),  carry  toward  the  elevation 
a  horizontal  line  of  indefinite  length.  Next  ^yi  the 
point  w  on  the  vertical  line  drawn  through  the  elevation 
midway  between  the  lines  c  c'  and  dd\  and  through  this 
point  draw  a  liAe  at  an  angle  of  45''.  Draw  «'  d  and  b'  c 
to  represent  the  lateral  outlines  of  the  lower  section  of 
the  elbow.  The  upper  section  of  the  elbow  is  now  seen 
to  be  defined  by  portions  of  the  lines  c  c^  and  dd'\  the 
outer  extremity  of  this  section  is  therefore  defined  by 
drawing  a  vertical  line  at  any  distance  from  d  suitable 
for  the  width  of  sheet  metal  that  is  to  be  used  in  the 
construction  of  the  elbow. 

This  completes  the  elevation  and  it  now  remains  to  finish 
the  drawing  by  projecting  the  several  points  to  the  plan; 
here  it  is  to  be  noted  that  the  foreshortened  view  of  the  sec- 
tion on  the  line  c  d  will  be  represented  therein  by  an  ellipse 
the  exact  size  of  the  one  at  {a).  This  is  an  important 
principle  and  is  worthy  of  the  student's  careful  consideration ; 
for  by  this  principle  the  drawing  of  sectional  views  may 
often  be  considerably  shortened.  The  right-hand  half  of 
this  outline,  however,  will  be  represented  on  the  drawing  by 
a  dotted  line,  as  shown  in  Fig.  23,  since  that  portion  is  one 
of  the  hidden  edges  of  the  solid. 

The  pattern  for  the  upper  section  of  the  elbow  may  now 
be  produced  by  the  well-known  method  for  solids  developed 
by  parallel  lines;  and  it  will  also  be  noticed  that  if  this 
pattern  is  first  developed,  measurements  may  be  taken  along 
its  curved  outline  for  the  actual  distances  on  the  line  c  d. 
Since  this  will  obviate  the  necessity  of  constructing  a  sec- 
tional view,  some  work,  therefore,  will  be  saved  by  the 
student.  Divide  one-half  of  the  outline  of  the  view  shown 
at   {a)  into  a  convenient  number  of   equal  spaces,  ten    in 
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Fig.  23.  Layoff  and  develop  the  stretchout  ^^/ TV  shown 
at  {6) ;  the  pattern  is  then  produced  in  the  regular  way  by 
projecting  the  points  on  the  outline  at  (a)  to  the  line  of 
intersection  c  d^  and  thence  to  the  development  at  {b).  The 
latter  view  is  then  finished  as  shown  in  Fig.  23,  and  edges 
may  be  added  as  required.  The  development  of  the  lower 
section  of  the  elbow  can  be  accomplished  only  by  triangula- 
tion.  Further  examination  of  the  drawing  will  show  that 
the  line  drawn  through  the  points  a  and  b  divides  the  figure 
into  symmetrical  halves.  One-half  of  the  ellipse  first  drawn 
is  accordingly  divided  by  spacing  into  the  same  number  of 
equal  parts  as  the  half  of  the  view  at  {a).  For  convenience 
of  reference,  these  points  thus  determined  are  designated  in 
the  plan  by  the  odd  numerals  S,  5,  7,  9,  etc. 

The  student  may  now  project  the  points  in  the  elevation 
on  the  line  c  d  to  their  corresponding  positions  on  their 
proper  ellipse,  or  he  may  space  the  latter  outline  in  a  manner, 
similar  to  that  shown  in  the  view  at  {a) ;  the  work  will  be 
more  accurately  accomplished,  however,  if  he  adopts  the 
method  by  spacing.  The  points  that  are  located  on  the 
outline  of  the  upper  base  may  be  indicated,  as  in  Fig.  23,  by 
the  even  numerals  ^,  4,  ^,  <^,  etc.  As  in  previous  problems, 
the  triangles  on  the  surface  of  the  lower  section  of  the  elbow 
may  now  be  represented  on  the  drawing  by  lines  drawn 
between  the  successive  points  on  the  upper  and  lower  bases; 
that  is,  draw  a  S,  2-S,  S-i,  4-5,  etc.,  and  project  these  lines 
to  the  elevation.  The  true  lengths  of  these  lines  are  next 
determined  by  means  of  the  diagram  of  triangles  shown  at 
the  left  of  the  elevation. 

Everything  now  being  in  readiness  for  the  development 
of  the  pattern  for  the  lower  section  of  the  elbow,  the  line  a  d 
may  be  set  off  in  any  convenient  place,  as  at  (^r) ;  its  length 
should  be  the  same  as  a'd  of  the  elevation,  since  in  that 
view  the  line  is  shown  in  its  true  length.  This  pattern  is 
completed  in  the  usual  way,  but  it  should  be  noted  that  the 
radii  for  the  distances  on  the  upper  base  are  taken  from 
corresponding  positions  on  the  curved  outline  of  the  pattern 
at  {V).     If  desired,  the  work  may  be  carried  on  at  the  same 
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lime  on  both  sides  of  the  line  a  d  at  (r),  as  shown  in  Fig.  23, 
thus  producing  the  complete  pattern  for  the  lower  section 
of  the  elbow. 


PROBLEM    31. 

13.  To  develop  tlie  patterns  for  an  oblique  coEinee- 
tion  In  plpe^vork. 

Explanation. — In  the  blowpipe  worker's  experience,  it 
often  happens  that  lines  of  pipe  obliquely  inclined  must  be 
connected  to  the  main  lines  of  a  system.  The  measurements 
for  such  connections  should  be  such  as  will  enable  the  drafts- 
man to  lay  the  work  out  on  the  drafting  board  and  develop 


Fig.  »4. 

the  patterns  for  the  different  pieces,  unaided  by  any  trial  fit- 
tings. In  other  words,  the  measurements  must  be  so  ac- 
curately taken  that  the  work  when  completed  will  fit  in 
position  without  requiring  any  subsequent  adjustments. 
When  the  work  is  such  that  only  square  bends  are  needed  in 
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the  construction  of  the  fittings,  the  question  of  how  the 
measurements  shall  be  taken  is  a  comparatively  simple  one, 
since  the  required  drawings  are  in  all  such  cases  right  views. 
When  the  conditions  are  as  shown  perspectively  in  Fig.  24, 
however,  the  center  lines  of  the  different  pipes  cannot  be 
represented  in  their  full  lengths  in  right  views,  and  since  it 
is  necessary  to  have  these  lines  shown  in  their  true  length 
— that  is,  not  foreshortened — oblique  views  will  be  required. 
Measurements  for  such  constructions  should  always  be  taken 
along  the  center  lines  of  the  various  pipes,  for  when  this  is 
done,  the  drawing  of  the  required  views  will  be  greatly 
simplified.  It  should  also  be  noted  that  such  measurements 
may  be  more  easily  and  accurately  taken  if  the  different 
points  are  reached  by  means  of  right  angles;  exactly  what 
is  meant  by  this  will  become  apparent  to  the  student  as  he 
follows  the  construction  of  this  problem. 

The  illustration  in  Fig.  24  represents  the  interior  of  a 
room  in  which  a  line  of  pipe  already  installed  passes  through 
in  a  horizontal  direction.  It  is  proposed  to  connect  a  branch 
pipe  of  the  same  diameter  at  A  and  to  carry  it  by  the  least 
number  of  turns  to  the  point  B  on  the  ceiling  of  the  room, and 
thence  vertically  upwards  to  the  room  above.  The  drafts- 
man sent  to  look  after  this  work  first  measures  the  height  of 
the  room  and  finds  that  it  is  10  feet  from  floor  to  ceiling; 
next, he  ascertains  that  the  center  line  of  the  horizontal  pipe 
is  1  foot  6  inches  above  the  floor  Deducting  the  Second 
measurement  from    the   first,   he   obtains  as   a   remainder 

8  feet  6  inches  and  jots  these  figures  in  his  notebook  on  a 
rough  sketch  as  the  dimension  a,  Fig.  24.  He  then  plumbs 
down  from  the  point  i^and  also  from  the  under  side  of  the 
horizontal  pipe,  and  measures  the  distance  on  the  floor  be- 
tween.the  points  thus  determined;  this  distance  is  found  to 
be  3  feet  9  inches,  and  is  noted  as  the  dimension  ^,  Fig.  24. 
The  remaining  dimension  c,  Fig.  24,  is  measured  after 
first  erecting  a  perpendicular  to  the  center  line  of  the  pipe 
at  the  point  A,  and  then  laying  off  a  distance  of  3  feet 

9  inches  to  the  point  C;  before  this  can  be  laid  off,  however, 
the    position  of   the   point  A    and    the  center  line  of  the 
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horizontal  pipe  must  be  indicated  on  the  floor  by  the  aid  of  the 
plumb-bob,  as  in  the  case  of  the  point  B,  After  this  work 
has  been  performed,  the  dimension  r,  Fig.  24,  may  be  readily 
measured,  and  is  found  to  be  6  feet  6  inches.  All  the  neces- 
sary dimensions  having   now  been  measured,  the  required 


Pig.  2S. 
drawings  may  be  constructed,  and  for  the  purposes  of  this 
problem,  the  dimension  figures  are  to  be  laid  off  to  a  scale 
of  \  inch  equals  1  foot.     But  since  this  would  render  the 
sizes  of  the  pipe  too  small  to  be  distinctly  shown  on  the 
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drawing,  the  latter  may  be  represented  as  though  its  diame- 
ter were  twice  the  length  indicated  in  Fig.  24;  that  is,  the 
circle  described  to  represent  the  outline  of  the  pipe  is  to  be 
1^  inches  in  diameter  on  the  drawing  made  by  the  student. 

Construction. — As  in  the  majority  of  cases,  the  plan  is 
first  constructed,  and,  for  the  present,  the  student  is  to  pay 
no  attention  to  any  but  the  center  lines  of  the  different 
pipes.  All  necessary  measurements  can  thus  be  represented, 
and  the  determination  of  the  true  length  of  the  oblique  line 
of  pipe  can  be  ascertained  much  more  readily  if  the  drawing 
is  not  complicated  by  the  addition  of  other  lines.  Draw  a 
vertical  line  of  indefinite  length,  as  a  b^  Fig.  25,  to  represent 
in  the  plan  the  center  line  of  the  horizontal  pipe.  Fix  the 
point  A  at  any  convenient  place  on  this  line.  The  position  , 
of  the  point  B  is  next  determined  by  first  erecting  at  ^  a 
perpendicular  to  ^  ^  3  feet  9  inches  in  length  and  then 
drawing  C B  parallel  to^^ — the  distance  between  the  points 
C  and  B  being,  as  shown  in  Fig.  25,  6  feet  6  inches.  The 
center  line  of  the  oblique  pipe  may  now  be  represented  in 
the  plan  by  a  line  drawn  between  the  points  A  and  B.  The 
elevation  of  these  lines  is  next  constructed  by  the  aid  of  the 
dimension  «,  previously  determined  as  8  feet  6  inches.  As 
this  view  is  produced,  the  student  will  understand  that  the 
vertex  of  the  angle  for  the  upper  elbow  should  be  repre- 
sented at  a  point  below  B\  for,  if  it  were  not  thus  repre- 
sented, the  seam  of  the  elbow  would  project  above  the  ceil- 
ing. The  point  B'  may  therefore  be  conveniently  located 
24  inches  below  Bin  the  elevation  and  a  line  drawn  between 
A  and  B\  as  in  the  plan.  A  study  of  the  views  that  have 
now  been  drawn  will  reveal  the  fact  that  neither  of  them 
shows  any  pair  of  adjacent  center  lines  in  their  true  lengths; 
the  center  line  of  the  horizontal  pipe  is  shown  full  length  in 
the  plan,  while  the  vertical  distance  B  B'  is  shown  full 
length  in  the  elevation.  The  oblique  center  line  is  fore- 
shortened in  both  views.  It  will  be  seen  that  a  view  may 
be  drawn  in  the  same  manner  as  the  projection  of  an  imagi- 
nary line  in  an  obliquely  inclined  position  was  drawn  in  Prac- 
tical  Projection  that  will  serve  to  show  this  line  in  its  true 
.1    II.— 2^ 
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length;  but  it  must  also  be  considered  that  the  views  to  be 
drawn  must  show  the  adjacent  axes,  or  center  lines,  of  the 
pipes  in  their  true  lengths,  and,  therefore,  as  was  stated  in 
Practical  Projection^  the  intersection  lines  must  be  repre- 
sented by  straight  lines.  Hence,  if  an  oblique  view  is  con- 
structed parallel  to.  the  line  A  B  of  the  plan,  the  center 
lines  for  the  upper  elbow  will  appear  as  required;  i.  e.,  in 
their  full  length.  Further,  if  a  view  is  constructed  parallel 
to  A  B'  of  the. elevation,  the  center  lines  of  the  lower  con- 
nection will  also  be  represented  full  length.  These  views 
are  most  readily  drawn  by  the  aid  of  right-angled  triangles 
in  the  following  manner: 

Draw  ^/parallel  to  ^ /^  of  the  plan  and  make /^  of  the 
right-angled  triangle  at  {a)  equal  in  length  to  ^'^' of  the 
elevation ;  produce/^  to  A,  and  hge  will  then  represent  the 
center  lines  of  the  upper  elbow,  both  of  which  are  now 
shown  in  their  true  length.  The  completion  of  the  patterns 
for  the  upper  elbow  from  this  point  is  fully  shown  in  Fig.  25, 
and  the  student  will  need  no  further  explanation  of  the 
process.  The  actual  length  of  the  oblique  pipe  may  be 
measured  on  the  line  eg  as  a  center  line ;  the  point  g  should, 
however,  be  noted  on  the  pattern,  as  shown  in  Fig.  25,  in 
order  to  provide  a  measuring  point  on  the  pattern  when  the 
work  is  laid  out. 

The  construction  of  the  oblique  view  from  the  elevation  is 
made  in  a  manner  similar  to  the  one  just  described;  that  is, 
Pq  is  first  drawn  parallel  to  A  B'  of  the  elevation,  and  in  the 
right-angled  triangle  qpr  the  distance /r  is  set  off  as  equal 
to  B  C oi  the  plan;  pr  is  produced  to  j,  and  the  resulting 
angle  srg  will  then  be  the  correct  angle  for  the  lower  con- 
nection to  the  horizontal  pipe.  The  miter  lines  in  the 
views  at  (a)  and  (b)  are  determined  by  bisecting  at  {a)  the 
angle  eg/i,  and  at  {6)  the  angles  sr^andprq^  as  .shown  in 
Fig.  25.  If  the  work  of  this  problem  is  accurately  done,  the 
student  will  find  that  the  lines  eg  at  (a)  and  ^7  r  at  (l?)  are 
equal  in  length;  this  feature  of  the  drawing  will  serve  as  a 
test  of  its  correctness,  and  is  often  used  by  draftsmen  for 
this  purpose. 
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The  patterns  may  now  be  developed  after  drawing  the 
outlines  of  the  different  pipes  in  the  views  at  {a)  and  (/;),  as 
shown  in  Fig.  25.  This  work,  being  similar  to  that  given 
in  a  preceding  problem,  will  not  be  explained. 


PROBLEM  82. 

13.  To  combine  In  one  piece  the  pattern  for  a 
double  oblique  connection. 

Explanation. — This  problem  is  introduced  for  the  purpose 
of  showing  a  construction  often  made  necessary  by  certain 
conditions  in  connections  resembling  those  illustrated  in  the 
preceding  problem.  For  example,  if  it  should  be  found  that 
the  true  distance  from  A  to  B  in  Fig.  25,  as  shown  by  the 
length  of  eg"  at  (a),  is  such  that  the  oblique  pipe  could  be 
made  in  one  piece,  the  cross-seam  required  by  the  construc- 
tion in  Problem  31  would  be  avoided.  When  this  oblique 
pipe  is  of  sufficient  length,  cross-seams  are  unobjectionable, 
and  the  workman  can  adjust  the  upper  and  lower  connec- 
tions separately,  thus  obtaining  the  proper  relation  between 
the  two  parts.  In  cases  where  it  is  desirable  to  make  both 
miters  on  the  same  piece  of  metal,  however,  the  adjustment 
referred  to  must  be  made  by  the  draftsman.  Since  this  is 
accomplished  by  the  adaptation  of  certain  principles  of  pro- 
jection that  might  not  be  readily  perceived  by  the  student, 
the  method  of  application  is  explained  at  some  length  in  the 
following  construction. 

The  student  may  reproduce  the  plan  and  elevation  shown 
in  Fig  25  to  the  scale  used  for  Problem  31,  and  the  dimen- 
sions there  given  may  also  be  used. 

Construction. — The  plan  and  elevation  of  Fig.  25  having 
been  redrawn  as  shown  in  Fig.  26,  it  is  necessary  also  to 
reproduce  the  full  view  of  the  oblique  center  line,  as  at  {a). 
Next,  on  the  left  of  the  plan  and  in  the  position  shown 
at  (A),  Fig.  2G,  draw  a  view  of  the  lower  connection,  in 
.  which  the  axes  of  both  pipes  represented  are  shown  in  their 
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full  length;    this   view  is  the   same  as  was   shown  at  (6), 
Fig.    25,  and  may   be  copied  directly  from  that   drawing. 


The  next  step  is  to  project  the  lines  of  intersection  that  are 
represented  by  straight  lines  in  the  drawing  at  {6)  to  their 
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proper  location  in  the  plan.  To  accomplish  this,  a  full  view 
of  the  pipe  section  is  drawn,  as  shown  immediately  above 
the  drawing  at  (6);  the  arc  of  a  quadrant  is  then  divided 
into  a  convenient  number  of  equal  parts,  four  in  Fig.  26, 
and  corresponding  points  are  noted  on  an  end  view  of  the 
horizontal  pipe  in  the  elevation.  These  points  are  num- 
bered i,  2,  3,  4,  and  5  in  the  illustration,  and  their  relative 
positions  in  the  two  views  are  determined  by  the  aid  of  the 
oblique  center  line;  for,  in  the  view  at  {b),  if  the  point  1  be 
located,  as  shown,  at  the  extreme  left  of  the  full  view,  then 
it  will  coincide  with  the  oblique  center  line  as  represented 
in  the  elevation,  since  a  line  drawn  thus  longitudinally  on 
the  surface  of  the  horizontal  pipe  would  pass  through  points 
in  the  lines  of  intersection  at  the  extremities  of  the  open- 
ing, that  is,  through  points  x  and  y  in  the  pattern  at  (r), 
Fig.  25.  By  regular  methods  of  projection,  now,  the  miter 
line  for  the  lower  connection  is  to  be  represented  in  the 
plan,  as  shown  in  Fig.  26. 

The  attention  of  the  student  is  next  directed  to  the  draw- 
ing at  {a),  where  the  semicircle  that  represents  the  partial 
full  view  of  the  upper  end  has  also  been  divided  by  spacing 
into  similar  equal  parts.  In  order  to  avoid  confusion,  these 
points  have  been  designated  by  the  letters  ^,/,  g,  k,  etc.  If, 
now,  a  line  is  projected  from  the  point  e  toward  the  upper 
miter  line,  such  projected  line  will  pass  through  the  miter 
at  its  highest  point;  in  other  words,  through  the  point  w  in 
the  pattern  at  (c).  Further,  this  line  may  be  continued 
along  the  surface  of  the  oblique  pipe  parallel  to  the  axis, 
and,  if  represented  in  the  plan,  would  coincide  for  the  greater 
portion  of  its  length  with  the  foreshortened  center  line  A  B, 
In  other  words,  if  the  line  A  B  oi  the  plan  is  extended  to- 
ward the  upper  edge  of  the  drawing,  the  point  e  will  be  pro- 
jected until  its  intersection  with  the  lower  miter  line  may 
be  noted  thereon.  This  is  indicated  in  Fig.  26  by  the 
point  e\  which  is  then  projected  to  the  elevation  and  indi- 
cated on  the  outline  of  the  circle  at  e' .  The  relative  posi- 
tion of  the  remaining  points  is  a  matter  now  easily  solved, 
for,  the  point  e'  being  shown  in  the  elevation  between  the 
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points  2  and  3,  it  may  be  noted  in  a  corresponding  position 
on  the  stretchout. 

As  shown  in  Fig.  2G,  two  stretchouts  iWiVand  M'N'  are 
drawn  side  by  side  at  (^),  and  the  pattern  for  the  upper 
miter  is  first  developed  in  precisely  the  same  way  as  in 
Fig.  25;  the  position  of  the  point  e  is  noted  on  the  right- 
hand  stretchout,  and  is  then  projected  to  e'  on  the  stretch- 
out at  the  left.  The  position  of  the  remaining  points  on 
the  left-hand  stretchout  is  next  indicated  by  spacing  in  ac- 
cordance with  points  shown  on  the  view  of  the  circle  of  the 
elevation,  and  edge  lines  are  then  drawn  indefinitely  toward 
the  left  of  the  drawing.  Next,  the  miter  line  for  the  lower 
connection  is  copied  from  the  view  at  {b)  to  the  oblique 
view  at  (^),  as  shown  in  Fig.  26,  and  from  the  points  thus 
determined,  developers  are  carried  to  the  development  at  (^). 
This  latter  part  of  the  work  may  be  somewhat  shortened  if 
the  development  of  the  lower  miter  is  made  from  the  view 
at  (^),  as  in  Fig.  25;  a  temporary  pattern  may  then  be  cut 
out,  and  its  outline  marked  in  a  correct  location  on  the 
drawing  at  {c).  This  means  of  showing  the  lower  miter 
pattern  at  {c)  is  perhaps  the  best  for  the  draftsman,  since 
the  projection  of  the  miter  line  from  the  plan  requires  great 
accuracy  and  he  is  less  liable  to  become  confused  from  the 
number  of  additional  lines  on  the  drawing. 

The  practical  applications  of  the  principles  shown  in  this 
problem  are  many;  the  miters  at  the  different  ends  of  the 
required'  piece  may  not  be  the  same  as  those  shown  in  this 
problem,  but  the  method  of  procedure  is  in  all  cases  the 
same. 


PROBLEM  33. 

14.  To  develop  the  patterns  for  a  transition  piece 
between  a  rectangular  opening:  and  a  round  pipe. 

Explanation. — The  illustration  in  Fig.  27  represents  a 
fitting  often  used  by  the  sheet-metal  worker.  The  bases 
for  ventilator  stacks  and  many  fan  connections  in  blast- 
pipe  work  are  made  in  this  form.     The  development  of  the 
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Fio.  27. 


transition  piece  affords  an  opportunity  for  the  application 
of  the  principles  relating  to  the  scalene  cone,  described  at 
some  length  in  Development  of  Surfaces,  The  required 
drawings  are  to  be  to  a 
scale  of  3  inches  to  the  foot, 
the  dimensions  of  the  rect- 
angular opening  9  inches 
by  18  inches,  and  the  di- 
ameter of  the  round  pipe 
8  inches.  A  vertical  height 
of  1  foot  may  be  assumed 
for  the  transition  piece. 

Construction.  —  Draw 
first  the  plan  and  elevation 
shown  by  the  full  lines  in 
Fig.  28,  using  the  dimen- 
sions and  the  scale  previ- 
ously given.  The  upper  and  lower  bases  of  the  .transition 
piece  in  this  problem  are  in  parallel  planes,  and  for  this 
reason,  comparatively  few  additional  lines  are  required 
for  the  development  of  the 'pattern.  The  vertical  center 
line  should  be  drawn,  as  shown,  through  the  plan  and  the 
elevation.  Next,  it  will  be  seen  that  if  a  horizontal  line 
be  drawn  through  the  plan,  the  figure  will  be  divided  into 
symmetrical  quarters;  all  the  necessary  operations,  there- 
fore, may  be  carried  on  within  the  limits  of  one  of  the  divi- 
sions thus  set  off.  Further,  if  lines  are  drawn  from  the 
points  A,  B,  C,  and  D  to  the  corners  of  the  rectangle,  in  the 
manner  shown  in  Fig.  28,  plane  triangles  E  B  F^  FCG,  etc. 
will  be  defined  on  the  irregular  surface  of  the  transition 
piece.  The  reproduction  of  these  triangles  in  the  pattern 
is  a  very  simple  matter,  since  their  dimensions  may  be 
taken  directly  from  the  projection  drawings.  A  study  of 
the  drawings  will  show  also  that  the  portion  of  the  irregular 
surface  defined  hy  A  E  B  msiy  be  considered  as  a  part  of 
the  surface  of  a  scalene  cone.  To  develop  the  pattern  for 
this  surface,  the  outline  of  the  upper  base  shown  in  the  plan 
as  the  arc  ^  ^  is  divided  into  a  convenient  number  of  equal 
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parts,  four  in  Fig.  28.  From  each  of  the  points  thus 
located,  lines  are  drawn  to  the  corner  £,  and  these  lines 
are  in  turn  projected  to  the  elevation.     Their  true  lengths 


are  next  determined  by  means  of  the  triangles  shown  at  the 
left  of  the  elevation  in  Fig.  28.  These  preliminary  opera- 
tions having  been  performed,  it  is  now  possible  to  construct 
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the  triangle  HE  A,  as  shown,  at  {b).  Next,  with  the  point  E 
at  {b)  as  a  common  center  and  with  radii  equal  to  the  true 
lengths  of  the  lines  £^, -£^,  and  Ec  ot  the  plan,  describe 
arcs  of  indefinite  length.  Set  the  dividers  to  the  length  of 
one  of  the  spaces  on  the  upper  base — as  A  am  the  plan — and, 
commencing  at  the  point  A  at  (^),  step  off  a  number  of 
spaces  corresponding  to  those  shown  on  the  quadrant  in  the 
upper  base  of  the  plan.  These  spaces  are  stepped  off  in  the 
manner  shown  in  Fig.  28,  only  one  point  being  located  on 
each  arc  described  from  the  point  E,  After  the  point  B  has 
been  reached,  the  triangle  E  B  F  \s  constructed  and  the 
process  repeated  to  the  point  C.  The  method  of  completing 
the  development  is  obvious  from  Fig.  28,  and,  if  desired,  the 
entire  surface  of  the  transition  piece  may  be  represented  in 
the  pattern.  It  is  customary,  however,  to  develop  only  one- 
half  or  one-quarter  of  the  surface  on  the  drawing  board, 
since  the  patterns  for  such  pieces  are  usually  too  large  to 
permit  of  their  being  constructed  of  one  piece  of  metal. 


PROBLEM  84. 

16.  To  develop  the  patterns  for  a  transition  piece 
liavlng:  an  obliquely  Inclined  base. 

Explanation. — This  problem  illustrates  a  condition  oc- 
casionally met  by  the  workman  engaged  in  erecting  stacks 
through  pitched,  or  inclined,  roofs.  Another  frequent 
application  of  the  same  fitting  is  in  fan  connections  where 
the  blast  pipe  is  carried  away  in  a  slanting,  or  oblique, 
direction.  The  perspective  view  shown  in  Fig.  29  repre- 
sents a  round  pipe  12  inches  in  diameter  carried  vertically 
through  an  inclined  roof  having  a  pitch  of  45°;  the  curb  of 
the  roof  to  which  the  flange  must  be  fitted  is  represented  in 
the  plan  by  a  square  19  inches  on  a  side.  For  the  purposes 
of  the  drawing,  it  may  be  assumed  that  a  plan  view  of  the 
arrangement  would  show  the  round  pipe  in  a  central  posi- 
tion with  relation  to  the  square.  The  student  may  con- 
struct the  projections  to  a  scale  of  1^  inches  to  the  foot. 
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Construction. — The  plan  shown  in  Fig.  30 
structed   in   accordance   with    the   dimensions 


is  first  con- 
just  given. 
Next,  the  elevation  is 
drawn,  and  in  this  view 
a  height  of  14  inches 
may  be  laid  off  on  the 
center  line  above  the  in- 
clined roof  line;  the  up- 
per base  of  the  transi- 
tion piece  is  then  rep- 
resented in  the  eleva- 
tion by  a  horizontal 
line  drawn  through  the 
point  thus  determined, 
as  shown  in  Fig.  30.  If 
a  horizontal  center  line 
now  be  drawn  through 
the  plan,  the  figure  will 
be  divided  into  symmet- 
rical halves,  and,  as  in 
preceding  problems,  all 
work  necessary  for  the 
production  of  the  devel- 
opment may  be  confined  to  one  of  the  divisions  thus  set  off 
— either  the  upper  or  the  lower  division,  at  the  pleasure  of 
the  draftsman. 

As  in  the  preceding  problem,  plane  triangles  may  be  indi- 
cated on  the  irregular  surface  of  the  transition  piece  by 
lines  drawn  from  the  points  A,  B,  C,  and  D  to  the  corners 
of  the  square.  By  the  aid  of  measurements  taken  from  the 
projection  drawings,  these  plane  triangles  may  be  readily 
reproduced  in  the  pattern  when  required.  From  the  pro- 
jections it  is  apparent  that  the  portion  of  the  irregular  sur- 
face bounded  by  the  lines  A  E  and  E  B,  together  with  the 
arc  A  By  can  be  considered  as  a  part  of  the  surface  of  a 
scalene  cone;  also  that  the  same  is  true  of  the  surface 
bounded  by  the  lines  A  H  and  H D  with  the  arc  A  D.  The 
scalene  cone  in  the  latter  case  is  one  of  greater  altitude  than 


Fig.  29. 
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the  one  first  mentioned,  although  its  Iiase  coincides  with 
the  cone  whose  vertex  is  at  the  point  E.     For  the  develop- 


PIO.  80. 

ment  of  the  pattern  from  this  point,  the  work  is  similar  to 
that  in  the  last  problem;  that  is,  the  upper  base  is  divided 


Digitized  by  VjOOQIC 


68     PRACTICAL  PATTERN  PROBLEMS.    §  18 

into  equal  parts,  the  elements  of  the  cones  are  represented 
in  both  views,  and  their  true  lengths  are  found  by  a  dia- 
gram of  triangles,  as  shown  at  the  right  of  the  elevation. 
This  preliminary  work  having  been  performed,  the  tri- 
angle D  G  H  may  next  be  constructed  in  its  full  size  at  {^i); 
the  horizontal  center  line  is  first  drawn  and  its  length  D x 
is  taken  from  the  outline  of  the  elevation;  G H  is  then 
drawn  through  the  point  x  perpendicular  to  D x,  its  length 
being  taken  from  the  plan.  From  the  points  G  and  H  as 
centers,  arcs  are  then  described  in  the  manner  shown  in 
Fig.  30,  their  respective  radii  being  the  true  lengths  as 
taken  from  the  diagram  of  triangles.  Next,  the  dividers  . 
are  set  to  the  length  of  one  of  the  spaces  on  the  upper  base 
of  the  transition  piece;  these  spaces  are  then  stepped  off 
in  the  manner  described  in  the  preceding  problem,  until 
the  points  A  and  C  are  reached. 

The  plane  triangles  A  E H'a.nA  CFG  are  next  constructed 
as  in  the  problem  of  Geometrical  Drawing  in  which  a  tri- 
angle is  constructed  when  three  sides  are  given,  the  side-f// 
being  taken  from  the  elevation,  where  it  is  shown  in  its 
true  length,  and  the  side  A  E  from  the  diagram  of  triangles. 
The  completion  of  the  pattern  by  the  addition  of  that  por- 
tion of  the  curved  surface  bounded  by  the  lines  A  E  and  E  B 
is  made  in  a  manner  similar  to  that  already  shown.  The 
remaining  triangle  B EF'is  then  added  to  the  pattern,  thus 
completing  the  problem.  Owing  to  the  fact  that  too  large 
a  sheet  of  metal  would  be  required  if  the  complete  pattern 
were  made  in  one  piece,  it  may  be  desirable,  as  in  the  prece- 
ding example,  to  make  joints  at  convenient  places  in  the  pat- 
tern. Such  provision  for  joints  on  the  necessary  laps  may 
be  made  at  the  discretion  of  the  draftsman  when  laying  out 
the  full-sized  patterns. 

PROBLEM  35. 

16,  To  develop  the  pattern  for  a  rejfularly  flar- 
ing: roof  eonneetlon. 

Explanation. — A  roof  flange  or  form  of  roof  connection 
commonly  used  by  plumbers    and  sheet-metal  workers   is 
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shown  in  Fig.  3L  Its  purpose  is  to  secure  a  water-tight 
joint  at  the  place  where  the  vent  pipes  of  a  building  come 
through  the  slanting  sides  of  pitched  roofs.  A  fitting  of 
this  kind  may  be 
used  also  in  cases 
of  stack  work 
where  the  outline 
of  the  roof  curb 
has  not  been  defi- 
nitely fixed.  As 
may  be  seen  from 
the  illustration, 
the  flange  proper 
is  an  irregular 
frustum  of  a  cone, 
and  its  pattern  is 
therefore  to  be 
developed  by  the 
method  usual  in 
the  case  of  radial 
solids.  The  roof 
in  this  problem 
has  a  pitch  of  30°,  the  diameter  of  the  pipe  is  8  inches,  and 
the  scale  used  for  the  drawings  is  1^^  inches  to  the  foot. 

Construction. — First  draw  the  vertical  center  line  A  B, 
Fig.  32,  and  then  the  roof  line  C  D  at  the  required  angle. 
Draw  next  the  outlines  of  the  vertical  pipe  parallel  to  A  B; 
at  any  convenient  height  above  the  roof  line,  in  this  case 
12  inches,  as  measured  on  the  center  line  A  B^  draw  the  hori- 
zontal line  of  intersection  for  the  upper  base  of  the  frustum. 
Next,  represent  the  lateral  outlines  of  the  frustum  by  lines 
drawn  through  the  extremities  of  the  line  of  intersection 
previously  mentioned,  and  let  these  lines  meet  at  a  com- 
mon point  on  the  center  line,  that  is,  at  the  vertex  of  the 
cone.  At  the  pleasure  of  the  draftsman,  these  lines  may 
be  drawn  at  any  convenient  angle;  in  Fig.  32  they  have 
been  drawn  with  the  30"^  triangle. 

An  elevation  of  the  flange  is  thus  completed,  and  now,  in 


Fig.  31. 
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place  of  drawing  a  regular  plan  of  the  flange,  it  is  convenient 
to  obtain  the  pattern  by  a  special  method  often  used  for 
radial  solids.  The  necessary  work  is  shown  in  Fig.  32  by 
the  dotted  lines  that  appear  below  the  roof  line,  and  the 


Fig.  32. 

process  should  be  familiar  to  the  student  from  work  that 
has  preceded.  First,  the  line  a  b  \s  drawn  perpendicular  to 
the  center  line  A  I\  and  a  base  for  the  frustum  is  assumed 
on  this  line;  the  lateral  outlines  of  the  frustum  are  there- 
fore produced  until  they  meet  the  line  ab,  and  the  semicir- 
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cular  half-full  view  of  the  base  is  then  described  as  shown 
in  Fig.  32,  its  center  being  located  on  the  center  line.  The 
outline  of  this  semicircle  is  next  divided  by  spacing  in  the 
usual  manner,  and  by  regular  projection  methods  the  ele- 
ments of  the  cone  are  then  represented  in  the  elevation. 
The  development  of  the  pattern  from  this  point  is  a  simple 
operation.  First,  the  stretchout  is  described  from  the  ver- 
tex of  the  cone  and  this  stretchout  is  then  spaced  off  in 
accordance  with  the  spaces  appearing  on  the  outline  of  the 
full  view  of  the  base.  Next,  the  points  at  the  intersection 
of  the  elements  of  the  cone  with  the  roof  line  are  projected 
to  one  of  the  true  edge  lines  of  the  frustum  and  thence  car- 
ried to  the  development  in  the  usual  way.  The  only  fea- 
ture in  which  this  development  differs  from  earlier  problems 
that  have  been  explained  lies  in  the  fact  that  the  stretch- 
out forms  no  part  of  the  finished  pattern.  The  completion 
of  the  drawing,  except  the  addition  of  the  edges  necessary 
for  the  construction  of  the  flange,  is  fully  shown  in  Fig.  32; 
since  these  allowances  are  similar  to  those  made  in  prece- 
ding problems,  further  description  is  unnecessary.  For  the 
flat  part  of  the  flange,  no  work  on  the  drawing  is  needed, 
since  it  is  evident  that  the  opening  in  the  flat  sheet  will  be 
in  the  form  of  an  ellipse  whose  major  axis  is  equal  to  the 
length  zu  X,  Fig.  32,  and  whose  minor  axis  is  twice  the 
length  of  j^z.  This  ellipse,  therefore,  may  be  laid  out 
directly  on  the  metal  by  methods  that  have  been  given  ear- 
lier in  this  Course. 

PROBL.EM  86. 

17.  To  develop  the  patterns  for  an  Irregrularly 
flaring:   roof  flang^e. 

Explanation. — No  perspective  figure  is  given  for  this 
problem.  The  required  flange  is,  in  general  appearance, 
very  similar  to  the  one  described  in  the  preceding  problem, 
but  since,  in  the  case  of  large  pipes,  it  is  often  desirable  to 
cut  the  roof  opening  in  the  form  of  a  circle,  the  sheet-metal 
worker  is  frequently  called  on  to  lay  out  his  flange  so  that 
the  full  view  of  its  lower  base  will  be  an  exact  circle.     The 
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form  of  the  flange  necessitated  by  this  change,  although 
closely  resembling  the  frustum  of  a  regular  cone,  is  such 
that  its  pattern  can  be  produced  only  by  triangulation. 
The  same  scale  for  the  drawings  and  the  same  roof  pitch 
may  be  taken  for  this  problem  as  was  used  in  Problem  35, 
but  in  order  that  the  work  of  triangulation  may  be  shown 
to  better  advantage,  it  is  assumed  that  the  vertical  pipe  has 
a  diameter  of  12  inches  and  that  the  height  of  the  flange, 
as  measured  along  the  center  line,  is  20  inches.  A  diameter 
of  3  feet  may  be  taken  for  the  circular  opening  in  the  roof, 
and  the  relative  position  of  the  pipe  is  such  that  its  axis 
may  be  represented  as  passing  through  the  center  of  the  cir- 
cular opening. 

Construction. — As  in  Problem  35,  the  vertical  center  line 
is  first  drawn  and  the  roof  line,  slanting  at  the  specified 
angle,  is  then  represented  in  the  elevation.  The  outlines  of 
the  pipe^  and  the  upper  base  of  the  flange  may  next  be 
represented  as  in  Fig.  33.  In  order  to  determine  the  position 
of  the  lateral  outlines  of  the  flange,  it  is  first  necessary  to 
describe  the  semicircle  that  represents  the  half-full  view  of 
the  opening  in  the  roof;  that  is,  the  half-full  view  of  the 
lower  base  of  the  flange.  This  dotted  semicircle,  as  shown 
in  Fig.  33,  is  described  with  the  proper  radius  from  a  center 
located  at  the  point  of  intersection  of  the  vertical  center  line 
with  the  roof  line;  the  remaining  outlines  of  the  flange  may 
then  be  drawn  as  shown  in  the  elevation  of  Fig.  33.  It  is 
next  necessary  to  project  the  plan  view  of  the  flange,  and 
since  symmetrical  halves  may  be  shown  above  and  below  a 
horizontal  center  line  drawn  through  the  plan,  but  one  of 
these  halves  need  be  represented  in  the  drawing.  Draw, 
therefore,  the  horizontal  line  A  B;  and,  in  its  proper  position, 
as  determined  by  projection  from  the  elevation,  describe  the 
semicircle  that  represents  the  half-plan  view  of  the  upper 
base  of  the  flange.  Next,  by  spacing  into  a  convenient 
number  of  equal  parts,  divide  the  outline  of  the  semicircle 
that  represents  the  half-full  view  of  the  lower  base;  and,  by 
the  aid  of  the  temporary  view  shown  at  (^r),  project  the 
foreshortened  outline  shown  in  the  plan.     The  upper  base 
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in  the  plan  is  then  divided  into  a  similar  number  of  equal 
parts.  Between  the  successive  points  thus  located  on  the 
two  bases,  draw  lines  as  shown  in  Fig.  33  that  will  divide  the 
irregular  surface  of  the  flange  into  a  series  of  triangles. 


aj^ 


(«U 


y 


Fig.  33. 

These  lines  are  next  represented  in  the  elevation  by  regular 

methods  of   projection,   and  by   means  of  the  diagram  of 

triangles  shown  at  the  right  of  the  elevation  in  Fig.  33,  their 

true  lengths  may  be  ascertained.     The  true  lengths  of  alL 

A     II.— 23 
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required  distances  may  now  be  taken  from  their  respective 
places  on  the  drawing.  Those  for  the  upper  base  are  rep- 
resented in  the  plan;  for  the  lower  base,  on  the  outline  of 
the  dotted  semicircle;  and  those  for  the  longer  sides  of  the 
triangles  are  shown  in  their  true  lengths  in  the  diagram  of 
triangles  already  mentioned.  The  pattern  may  therefore  be 
constructed  as  shown  at  (b).  In  this  development,  the  con- 
struction should  begin  with  the  line  a  b,  which  corresponds 
in  length  with  the  similarly  designated  line  in  the  elevation. 
If  desired,  the  work  at  (6)  may  be  carried  on  simultaneously 
on  both  sides  of  this  line;  and,  if  this  is  done,  the  entire 
pattern  for  the  flange  will  be  produced.  The  construction 
of  the  different  triangles  required  in  the  pattern  is  exactly 
the  same  as  has  been  explained  in  similar  triangulation 
problems  already  given,  and  the  work  should  therefore 
present  no  new  difficulties  to  the  student. 


PROBLEM  87. 

18,  To  develop  the  patterns  for  a  prutter,  or  eave- 
trougrli)  miter. 

Explanation. — The  developments  given  in  this  problem 
are  obtained  by  methods  shown  for  different  forms  of  pipe- 
work in  preceding  problems.    In  the  prob- 
Q^  J     lems  referred   to,  the  forms  represented 

\^^       ^^      were  entire  cylinders,    while  in  this  case 
only   a    portion    of    the   cylindrical    sur- 
Fio.  84.  £^^^  j^  considered  by  the  patterncutter. 

The  principles  involved  relate  to  parallel  forms,  and  the 
student  that  has  mastered  the  instruction  in  Development  of 
Surfaces  and  has  applied  the  knowledge  thus  gained  to  the 
construction  of  the  foregoing  problems  will  have  no  difficulty 
in  recognizing  the  principles  here  applied. 

A  cross-section  of  the  usual  form  of  eave  trough  is  shown 
in  Fig.  34;  as  ordinarily  constructed,  the  trough  consists  of 
a  semicylindrical  body  having  a  **  bead  "along  one  of  its 
edges.  When  shown  in  cross-section,  as  in  Fig.  34,  the 
nearly  complete  circle  that  represents  the  bead  is  tangent 
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to  the  larger  circle  and  to  its  diameter  extended.  Nearly 
all  machines  for  forming  eave  troughs  require  that  an 
addition  in  the  form  of  a  tongue  shall  be  made  to  the  bead, 
in  order  to  engage  the  beading  rod  and  hold  the  metal  in 
place  while  the  bead  is  being  formed.  This  tongue  is  shown 
in  Fig.  34  as  a  part  of  a  radius  of  the  small  circle,  and  must 
be  represented  in  the  projection  drawing  and  allowed  for 
in  the  pattern. 

A  perspective  view  of  a  roof  to  which  it  is  desired  to 
attach  an  eave  trough  of  this  pattern  is  shown  in  Fig.  35. 
The  angles  shown  at  A  and  £  are  right  angles,   and  the 


FlO.  86. 


angle  at  C  is  one  of  150°.  It  will  be  seen  that  the  angles 
at  A  and  C  require  **outside"  miters  and  that  at  B  an 
**  inside  "  miter.  The  use  or  meaning  of  the  terms  **  out- 
side "  and  **  inside,"  as  applied  to  miter  work,  may  be 
readily  understood  from  the  illustration,  the  outside  miter 
being  used  for  a  projecting  angle  and  the  inside  miter  for  a 
reentering  angle,  as  at  B.  It  will  be  shown  during  the 
construction  of  this  problem  that  the  patterns  for  both  in- 
side and  outside  miters  of  equal  angles  are  produced  at  one 
development,   and  that  the  outline  of  the  pattern  is  the 
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same  for  either  case;  the  only  distinction  that  must  be  ob- 
served is  that  the  pattern  shall  be  laid  off  on  a  certain  side 
of  the  curved  outline.  Particular  attention  should  be  paid 
to  this  part  of  the  instruction,  since  it  is  a  feature  applied 
to  many  important  cases  of  parallel  developments. 

For  the  construction  of  the  patterns  of  this  problem, 
which  are  to  be  drawn  to  a  scale  of  3  inches  equals  1  foot,  it 
is  assumed  that  the  horizontal  distance  from  A  to  B^ 
Fig.  35,  is  2  feet  10  inches  and  from  -ff  to  C  3  feet.  The 
end  view,  or  cross-section,  of  the  eave  trough  is  drawn  as 
in  Fig.  34,  the  diameter  of  the  large  circle  being  taken  as 
6  inches  and  of  the  smaller  circle  as  1  inch. 

Construction. — The  general  arrangement  of  the  re- 
quired views  is  shown  in  Fig.  36.  It  will  be  seen  from 
these  drawings  that  all  lines  assumed  on  the  surfaces  to  be 
•developed  will  be  shown  in  their  true  length.  The  angles 
at  A  and  B  are  right  angles;  at  Cthe  angle  is  one  of  150°; 
the  latter  may  therefore  be  drawn  with  the  60°  triangle. 
Bisect  the  angles  A^  B,  and  C  and  draw  A  A\  B B\  and  C  C\ 
as  shown  in  Fig.  36;  these  lines  are  now  considered  as  miter 
lines  for  the  development  of  the  pattern.  Draw  the  end 
view  of  the  eave  trough  in  the  position  shown  in  Fig.  36,* 
and  from  the  outer,  or  left-hand,  edge  of  its  outline,  draw 
to  the  point -^' the  vertical  line  shown;  carry  this  line  to 
/?'  and  C ,  Next,  locate  points  on  the  outline  of  the  end 
view,  preferably  by  spacing  at  regular  intervals,  as  in  for- 
mer problems.  It  should  be  noted,  however,  that  these 
points  should  be  somewhat  closer  on  the  outline  of  the  bead, 
since  the  curvature  is  greater  there  than  on  the  outline  of 
the  body ;  further,  that  one  of  these  points  should  be  placed 
at  ;r,  the  extreme  outer  portion  of  the  outline.  As  shown 
in  Fig.  36,  edge  lines  must  now  be  carried  by  regular  pro- 
jection methods  from  each  of  the  points  thus  located  across 
the  surface  of  the  drawing  and  continued  until  they  inter- 
sect all  the  miter  lines. 

In  many  localities  it  is  customary  to  make  inside  miters  in 
such  manner  that  water  running  with  some  force  down  the 
valley  of  the  roof  will  not  run  over  the  outer  edge  of  the 
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gutter.  To  accomplish  this  result,  the  outer  edge  of  the 
inside  miter,  in  place  of  being  carried  to  the  point  B\  is 
drawn  perpendicular  to  the  miter  line  B  B^  in  the  manner 
shown,  and  the  ed^e  lines  in  the  outer  half  of  the  trough 
are  drawn  parallel  to  the  outer  line  thus  shown.  Note  that 
in  Fig.  36  a  line  w y  has  been  carried  between  A '  B'  and  B'  C ; 


Fig.  86. 

that  the  angles  w  and  j  have  been  bisected;  that  the  bi- 
sectors have  been  carried  to  the  edge  line  drawn  from  the 
point  c\  and  that  the  edge  lines  thus  intersected  are  drawn 
parallel  to  the  outer  edge  of  the  trough. 

These    preliminary    drawings    having    been    completed, 
the  patterns  may  now  be  laid  off   as  follows:    First,    the 
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stretchout  ^f  X  is  developed  as  shown  at  (<?),  and,  after  the 
edge  lines  have  been  drawn  in  the  regular  way,  developers 
are  carried  from  the  points  of  intersection  of  the  assumed 
edges  with  the  miter  line  A  A'.  The  resulting  pattern  at  {a) 
is  the  correct  form  for  an  outside  square  miter;  and  if  it  is 
desired  to  produce  the  inside  miter-pattern,  the  work  may 
be  readily  performed  by  extending  the  outer  ^<\gQ  lines  in 
the  manner  shown  at  {b).  The  rectangle  efgh  may  then 
be  cut  out  of  metal,  and,  after  the  central  irregular  curve 
has  been  cut,  the  lower  portion  {a)  may  be  used  for  an  out- 
side-miter  pattern,  while  the  upper  portion  (b)  will  serve 
the  purpose  of  an  inside-miter  pattern.  If  desired,  a  sim- 
ilar operation  may  then  be  carried  on  at  (r)  and  the  pat- 
terns for  both  an  inside  and  an  outsidemiter  for  the  oblique 
angle  at  C  produced  at  the  same  time;  it  will  be  seen,  how- 
ever, that  the  pattern  for  only  the  outside  miter  is  shown 
in  Fig.  36.  The  pattern  for  the  front  half  of  the  inside 
miter  is  laid  off  as  shown  at  (^/),  and  to  this  piece  is  added 
the  plane  triangle  y  >^ /.  The  necessary  edges  are  then 
added  and  the  work  of  developing  the  patterns  is  complete. 


PROBLEM  38. 

19.     To   develop   the   patterns    for   a    conical    eave- 
trou^li  outlet. 

Explanation. — In  most  cases  of  eave-trough  construc- 
tion, the  outlet  for  the  leader,  or  conductor  pipe,  is  made 

in  the  form  of  a  regular  cylinder 
whose  diameter  is  a  trifle  smaller 
than  that  of  the  leader;  the  pat- 
terns in  such  cases  consist  merely 
of  the  development  of  the  inter- 
secting cylinders.  In  Fig.  37,  a 
perspective  view  of  a  large  gutter 
is  shown,  and  it  is  desired  to  so 
Fig.  37.  connect   the  leader    pipe   that   the 

opening  in  the  gutter  will   be  somewhat  larger  than  the 
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diameter  of  the  pipe.  To  accomplish  this  result,  a  flaring 
connection  piece  must  be  used,  as  shown  at  ^.  It  is  re- 
quired to  develop  the  pattern  for  this  fitting.  Let  it  be 
assumed  that  the  diameter  of  the  leader  is  5  inches  and  that 
the  gutter  is  what  is  known  as  a  12-inch  gutter;  that  is,  the 
diameter  of  the  large  semicircle  that  forms  the  body  of  the 
gutter  is  12  inches.  Any  convenient  height  may  be  taken 
for  the  connection  piece,  and  the  drawings  for  this  problem 
may  be  made  to  a  scale  of  3  inches  equals  1  foot. 

Construction. — Draw  first  the  vertical  center  line  A  B^ 
Fig.  38,  and  in  a  horizontal  position  construct  the  sectional 
view  of  the  gutter  as 
shown.  As  a  con- 
venient height  for 
the  connection  piece, 
3  inches  may  be  meas- 
ured off  on  the  center' 
line  below  the  lower 
edge  of  the  gutter, 
and  through  this  point 
a  horizontal  line  is 
then  drawn.  This 
horizontal  line  may 
now  be  considered  as 
representing  the  line 
of  intersection  be- 
tween the  leader  pipe 
and  the  flaring  con- 
nection; it  is  accord- 
ingly laid  off  in  its 
proper  length,  that 
is,  2|  inches  on  each 
side  of  the  center  line, 
and  the  lateral  sides 
of  the  connection 
piece  drawn  as  shown  in  Fig.  38. 
the  work  shown  in  Fig.  38  that 


Fig.  38. 


The  student  will  see  from 
since  the  center  line  A  B 
divides  the  cone  into  symmetrical  halves,  it  is  necessary  to 
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draw  but  one  of  these  lateral  sides;  for  the  sake  of  showing 
the  principles  more  clearly  in  the  illustration,  however,  the 
entire  cone  has  been  represented.  After  the  student  has 
mastered  the  principles  of  this  subject,  he  will  avail  himself 
of  every  expedient  in  order  to  lessen  the  amount  of  work 
on  the  drawing  board.  An  examination  of  the  drawing  in 
Fig.  38  shows  that  the  connection  piece  consists  of  a  frus- 
tum of  a  regular  cone — its  lower  base  (the  upper  base  in  the 
illustration)  is  defined  by  a  portion  of  the  outline  of  the  gut- 
ter and  its  upper  base  by  the  straight  line  that  notes  the 
intersection  of  the  conductor  pipe. 

The  first  step  in  the  development  of  its  surface  consists  in 
the  location  of  elements  at  regular  intervals.  This  is  ac- 
complished by  first  drawing  from  the  point  c  an  assumed 
base  perpendicular  to  the  axis  of  the  frustum,  that  is,  the 
line  ef^  Fig.  38.  With  the  line  cf  as  a  diameter,  a  semi- 
circle that  represents  a  half-full  view  of  the  assumed  base  is 
described  from  its  middle  point.  Points  are  then  located  on 
the  outline  of  this  semicircle  by  spacing  in  the  usual  way, 
and  the  elements  of  the  cone  are  then  represented  by  regu- 
lar projection  methods.  The  intersections  of  these  ele- 
ments with  the  outline  of  the  gutter  are  then  projected  to  a 
true  edge  line,  and  the  pattern  is  then  developed  in  the  way 
usual  with  regular  cones.  Such  edges  as  may  be  required 
for  locks  or  laps  are  then  added  to  the  pattern  and  the 
drawing  is  complete.  This  work  being  similar  to  that  of 
preceding  problems,  and  having  been  fully  described  here- 
tofore, need  not  be  here  considered.  Should  it  be  desired 
to  ascertain  the  exact  shape  of  the  opening  in  the  gutter,  a 
development  of  its  form  may  be  made  in  the  usual  way; 
this  work,  however,  is  not  commonly  required  of  the  drafts- 
man and  will  be  omitted. 


PROBLEM  30. 

20.     To  develop  the  patterns  for  a  ralii-\yater  cut-oflf. 

Explanation. — This  problem  is  introduced  for  the  pur- 
pose of  showing  the  applications  of  pipe  intersections.     It 
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embodies  no  new  principles  of  patterncutting,  but  serves 
rather  to  aid  the  student  in  determining  the  correct 
miter  lines  necessitated  by 
certain  conditions.  The  per- 
spective view  given  in  Fig.  39 
represents  a  familiar  form  of 
rain-water  cut-off,  and  an  in- 
spection of  its  different  parts 
shows  that  the  upper  portion 
consists  of  an  inverted  Y, 
while  the  lower  portions  are 
merely  elbows  that  direct  the 
contents  back  into  the  direc-  y^^  ^ 

tion  whence  they  entered  the 

cut-off.  Various  modifications  of  this  form  of  construc- 
tion are  to  be  found  in  blowpipe  work,  and  the  same 
general  principles  may  also  be  used  in  frequently  occur- 
ring examples  that  are  encountered  in  actual  workshop 
practice.  The  drawings  for  this  problem,  which  are  to  be 
made  to  a  scale  of  3  inches  equals  1  foot,  are  to  repre- 
sent a  cut-off  for  a  G-inch  pipe,  and  the  angle  formed 
by  the  two  branches  of  the  Y  may  be  taken  as  one 
of  90". 

Construction. — An  elevation  of  this  object  is  first  to 
be  drawn,  as  shown  in  Fig.  40.  Draw  the  vertical  center 
line  A  /?,  and  from  a  point  situated  on  the  upper  part  of 
this  line,  describe  the  semicircle  at  (a)  that  represents  a 
half-full  view  of  the  upper  end  of  the  cut-off.  From  each 
extremity  of  its  diameter,  carry  projectors  vertically  down- 
wards, and  represent  the  upper  base  of  the  cut-off  by  a 
horizontal  line  drawn  between  the  two  projectors  at  a  con- 
venient distance  below  the  outline  of  the  semicircle.  Let 
it  be  assumed  that  a  length  of  2  inches  will  serve  the  pur- 
pose of  the  upper  throat.  From  points  located  on  the  two 
projectors  2  inches  below  the  upper  base,  draw  lines  at 
angles  of  45°  in  the  manner  shown  in  Fig.  40.  Make  each 
of  these  oblique  lines  G^  inches  long,  and  at  their  outer  ex- 
tremities draw  vertical   lines   toward  the  lower  edge  of  the 
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drawing.  Draw  lines  parallel  to  the  oblique  lines  previ- 
ously drawn,  and  also  lines  parallel  to  the  vertical  lines 
in  the  lower  part  of  the  elevation,  the  perpendicular  dis- 
tance between  the  parallels  in  each  case  being  6  inches — 
the  diameter  of  the  intersecting  pipes.  Make  the  length 
of  the  lower  throats  the  same  as  for  the  upper  throat — 
2  inches.  Each  of  the  angles  thus  formed  on  the  draw- 
ing is  to  be  bisected  in  the  manner  shown,  and  it  will 
then  be  seen  that  a  portion  of  the  center  line  is  used  for 
the  line  of  intersection  between  the  lower  half  of  the 
branches  for  the  Y. 

In  order  to  guard  against  error,  a  half-full  view  of  the 
lower  end  of  one  of  the  branches  may  be  drawn  in  the 
position  shown  at  (b).  The  outlines  of  these  end  views 
are  next  divided  by  spacing  in  the  usual  manner,  and  the 
assumed  edges  are  projected  to  the  elevation,  in  order  to 
facilitate  the  development  of  the  surfaces  of  the  different 
sections.  The  pattern  for  the  upper  section  is  laid  off  at  (r) 
by  aid.of  a  stretchout  developed  in  the  customary  manner. 
The  development  at  (d)  for  the  middle  section  is  also 
made  as  previously  described,  and,  if  desired,  the  lower 
portion  of  the  irregular  outline  may  be  used  as  the  pat- 
tern for  the  lower  section  of  the  cut-off.  As  shown  at  (e), 
however,  a  separate  pattern  may  be  laid  off,  if  desired  by 
the  student. 

The  pattern  for  the  valve  is  shown  at  (/),  and  is  devel- 
oped from  the  part  of  the  elevation  shown  by  the  dotted 
lines  in  the  central  portion  of  the  figure.  This  valve  is 
made  of  a  piece  of  metal  bent  in  the  form  of  a  semicircle, 
and,  as  shown  in  Fig.  40,  is  treated  as  being  a  segmental 
portion  of  a  cylinder.  It  is  usually  arranged  to  turn  on  a 
center  slightly  below  the  top  of  the  vertical  intersection 
line.  The  full  view  of  the  central  section  of  this  piece  is 
shown  at  (^)  as  a  semicircle  and  may  be  described  and 
spaced  off  in  the  usual  way.  The  customary  edges  for  laps 
and  locks  are  to  be  added  to  the  patterns  2\t  (r),  (//),  and  (e). 
These  are  shown  in  Fig.  40  and  having  been  fully  described 
in  preceding  problems,  need  not  be  considered  here. 
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PROBLEM    lO. 

21,     To  develop  the  patterns  of  a  lieacl  for  an  ash  or 
^arbagre  chute. 

Explanation. — The  construction  of  this  problem  affords 
another  opportunity  for  exemplifying  the  method  pursued 

in  certain  cases  where  the 
line  of  intersection  is  ar- 
bitrarily drawn.  This 
method  is  often  employed 
for  the  development  of  the 
surfaces  of  irregular 
forms,  and  if  thoroughly 
understood  by  the  student, 
will  frequently  assist  him  in 
situations  apparently  diffi- 
cult. Ash-chute  heads  are 
made  in  styles  dependent 
on  the  pleasure  of  the 
draftsman,  and  a  design 
that  might  please  one 
would  perhaps  not  prove 
satisfactory  to  another. 
The  main  point  to  be  observed  in  producing  a  design  for 
one  of  these  heads  is  to  see  that  no  obstructions  are  placed 
in  the  way  of  the  contents;  unnecessary  elbows  and  angles 
are  to  be  avoided,  both  for  the  reason  previously  stated 
and  to  save  work  in  putting  the  head  together  in  the  shop. 
A  chute  head  that  answers  these  requirements  is  shown  per- 
spectively  in  Fig.  41.  The  body  of  this  head  can  be  con- 
structed entirely  of  one  piece  of  metal  if  desired,  although 
in  the  large  sizes  in  which  garbage  chutes  are  usually  made, 
it  may  be  preferred  to  use  a  larger  number  of  pieces.  For 
the  drawings  of  this  problem,  which  are  to  be  made  to  a 
scale  of  1\  inches  to  the  foot,  a  diameter  of  10  inches  is 
taken  for  the  main  line  of  pipe;  it  is  assumed  also  that  a 
height  of  35  inches  is  desired  from  the  floor  of  the  porch  to 
which  the  chute  is  attached  to  the  top  of  the  chute  head — 


Fig.  41. 
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4  inches  being  the  height  of  the  receiver  box,  which  is  to  be 
12  inches  wide  by  14  inches  long  and  6  inches  distant  from 
the  main  pipe. 

Construction. — The  plan  is  first  to  be  drawn  in  accord- 
ance with  the  dimensions  previously  stated.  First,  describe 
the  circle  that  represents  the  end  view  of  the  main  pipe, 
and  then  draw  the  rectangle  that  represents  the  plan  view 
of  the  receiver  box  12  inches  by  14  inches  in  size.  The 
circle  should  be  distant  6  inches  from  the  nearest  side  of  the 
rectangle,  and  the  horizontal  center  line  should  pass  through 
the  center  of  the  circle  and  divide  the  rectangle  into  sym- 
metrical halves.  The  remaining  outlines  in  the  plan  may  be 
omitted,  since  they  are  not  needed  for  the  construction  of 
the  patterns.  Next,  represent  the  outlines  of  the  main  pipe 
in  the  elevation,  and  draw  also  its  vertical  center  line 
through  both  views.  The  next  step  is  to  draw  the  line  of 
intersection  in  the  elevation.  Since  it  may  be  seen  from 
the  finished  drawing  in  Fig.  42  that  the  irregular  body  of 
the  chute  head  has  a  general  resemblance  to  a  cylinder,  we 
may  assume  for  the  line  of  intersection  a  line  that  would  be 
the  true  line  of  intersection  if  the  intersecting  body  were 
actually  a  cylinder.  On  this  supposition,  the  point  a  is 
fixed  on  the  left-hand  outline  of  the  upright  pipe,  and 
31  inches  above  the  point  a^  the  point  b  is  located  on  the 
same  line.  From  the  point  b  draw  a  horizontal  toward  the 
left,  and  project  from  the  plan  the  outlines  of  the  rectangu- 
lar box,  thus  fixing  the  position  of  the  upper  base  of  the 
body  of  the  chute  head.  From  d  at  the  left  extremity  of 
the  line  drawn  from  the  point  d,  an  oblique  line  is  now 
drawn  to  the  point  a\  bisect  the  angle  whose  vertex  is  at  a 
and  draw  the  bisector  ao,  as  shown  in  Fig.  42.  The  re- 
maining outline  for  the  body  of  the  head  may  now  be  drawn 
in  the  elevation.  From  the  point  c  fixed  at  will  as  the  inter- 
section of  this  outline  with  that  of  the  upright  pipe,  the 
remaining  portion  of  the  intersection  line  is  next  drawn  to 
the  point  o.  The  problem  now  resolves  itself  into  the 
development  of  the  surface  of  an  irregular  solid  whose  upper 
base  is  the  rectangle  shown  in  the  plan  and  whose  lower 
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base  is  represented  in  the  elevation  by  the  line  of  intersec- 
tion a  0  c. 

In  order  to  obtain  the  true  distances  around  the  lower 
base,  and  at  the  same  time  to  obtain  the  pattern  for  the 
opening  that  must  be  cut  in  the  straight  pipe,  the  develop- 
ment at  (a)  is  first  drawn.  As  may  be  seen  from  Fig.  42, 
this  drawing  is  made  in  the  usual  way;  that  i.s,  the  outline 
of  the  upright  pipe  in  the  plan  is  first  divided  by  spacing, 
the  stretchout  M N  is  then  developed,  and  after  projecting 
the  points  from  the  plan  to  their  correct  positions  on  the 
line  of  intersection,  developers  are  carried  in  the  customary 
way  to  the  drawing  at  (a).  From  this  drawing,  the  correct 
measurements  between  the  points  on  the  outline  of  the 
lower  base  of  the  irregular  solid  may  be  taken  when  needed. 

It  will  be  seen  from  an  examination  of  Fig.  42  that  the 
horizontal  center  line  in  the  plan  divides  the  figure  into 
symmetrical  halves,  and  also  that  if  lines  are  drawn  from 
the  point  o  in  the  elevation  to  the  points  d  and  e,  the  plane 
triangle  deo  will  be  defined.  In  like  manner,  plane  tri- 
angles will  be  "outlined  in  the  plan,  if  lines  are  drawn 
from  the  four  corners  of  the  rectangle  to  the  point  on  the 
outline  of  the  pipe  that  corresponds  to  the  points  c  and  a  of 
the  elevation.  These  triangles  are  represented  in  the  plan 
and  elevation  in  Fig.  42  as  foreshortened,  but  may  readily 
be  constructed  in  their  full  size  in  the  pattern  from  measure- 
ments taken  from  the  drawings  in  Fig.  42.  Aside  from 
these  plane  triangles,  the  remaining  surface  of  the  irregular 
solid  may  be  considered  as  being  made  up  of  portions  of  the 
surfaces  of  scalene  cones  whose  respective  vertices  are  at 
the  four  corners  of  the  rectangle,  and  whose  bases  are  rep- 
resented in  the  drawing  by  the  lines  ao  and  oc.  Since 
the  true  distances  between  the  different  points  on  these 
lines  may  be  taken  from  the  drawing  at  (^),  the  only  work 
that  remains  for  the  student  is  to  represent  the  elements  of 
these  scalene  cones  in  the  elevation  and  the  plan  and  to 
find  their  true  lengths  by  means  of  the  usual  method  of 
constructing  a  diagram  of  triangles.  From  Fig.  42  it  is 
apparent  that  these  lines  have  been  drawn  in  the  elevation 
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as  mentioned,  and  that  in  the  plan  those  lines  drawn  to  the 
point  e  are  shown  above  the  horizontal  center  line  at  f\ 
while  those  lines  that  are  represented  in  the  elevation  as 
radiating  from  the  point  d  are  shown  in  the  plan  below  the 
horizontal  center  line.  This  obviates  the  confusion  that 
would  result  if  both  sets  of  lines  were  represented  in  a 
single  half  of  the  plan.  The  true  lengths  of  these  lines  are 
next  determined  by  the  aid  of  the  diagram  of  triangles 
shown  at  the  left  of  the  elevation ;  this  process  needs  no 
explanation,  since  it  is  precisely  similar  to  the  method 
shown  in  preceding  problems. 

Everything  now  being  in  readiness  for  the  development 
of  the  pattern,  the  line  a  xzX  (b)  is  laid  off  in  the  same  length 
as  «  rtTof  the  elevation.  A  perpendicular  to  this  line  is  next 
drawn  through  the  point  x,  and  this  perpendicular  is  made 
the  same  length  as  the  side  d g  of  the  rectangle.  With  the 
points  ^/and^at  (b)  as  centers  and  with  radii  respectively 
equivalent  to  the  lengths  of  the  different  elements  of  the  .sca- 
lene cones  whose  vertexes  are  at  d  and  g  of  the  plan,  a  series 
of  arcs  is  next  described  in  the  manner  shown  in  Fig.  42. 
Next,  the  dividers  are  set  to  the  di.stance  a  I2X  («),  and  with 
a  at  (b)  as  a  center,  the  points  1  are  located  on  both  sides 
of  the  horizontal  center  line;  the  distances  1-2^  2-S,  and 
3  0  are  in  like  manner  taken  from  the  drawing  at  (a)  and  set 
off  on  the  successive  arcs  at  (b).  When  the  points  o  have 
been  reached  at  (b),  the  plane  triangles  doe  and  go/  are 
constructed  as  follows:  The  distance  d e  is  taken  in  the 
dividers  from  the  elevation,  and  with  the  points  d  and  g  at 
(b),  respectively,  as  centers,  arcs  of  indefinite  length  are  de- 
scribed. These  arcs  are  then  intersected  by  arcs  described 
from  the  points  0  as  centers,  the  radii  being  equal  to  the 
true  length  of  the  line  ^  ^  of  the  elevation.  Next,  with  the 
points  ^  and  y  at  (b)  as  centers  and  with  radii  respectively 
equivalent  to  the  true  lengths  of  the  different  elements  of 
the  scalene  cones  whose  vertexes  are  at  e  and  /  of  the  plan 
(as  determined  by  the  aid  of  the  diagram  of  triangles), 
arcs  are  described  in  the  same  manner  as  from  the  points  d 
and  g.     The  distances  0  5,  5-6,  6-7,  and  7  c  are  then  taken 
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successively  from  the  drawing  at  (a)  and  set  off  as  shown  in 
the  pattern  at  (b).  The  remaining  plane  triangle  e/c  is  then 
added  as  shown  in  Fig.  42,  and  the  outlines  of  the  pattern 
are  traced  through  the  points  that  have  been  located.  Edges 
are  next  allowed  for  locks  and  laps,  and  the  upright  sides  of 
the  receiver  box  may,  if  desired,  be  added  to  three  of  the 
upper  edges — the  remaining  side  being  formed  of  a  separate 
piece  of  metal. 


DRAWING  PLATE,  TITLE:    EXAMIN^A- 
TION   PLATE  11. 

22m  This  examination  plate  is  to  contain  the  patterns 
for  the  several  fittings  required  in  the  erection  of  a  blast 
system  for  removing  dust  from  the  three  polishing  lathes 
shown  in  Fig.  43.  An  example  is  here  afforded  for  the  stu- 
dent to  put  his  practical  efficiency  to  the  test.     It  may  be 


Fig.  48. 

stated  that  in  the  construction  of  the  patterns,  no  principles 
are  employed  other  than  those  used  in  problems  already 
given.  In  the  shops  of  nearly  all  manufacturing  jewelers, 
machines  for  polishing,  as  well  as  others  that  are  liable  to 
remove  chips  of  the  precious  metals,  are  connected  with  blast 
A     II.— 24 
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hoods  and  a  main  pipe  through  which  a  strong  current  of 
air  is  drawn  from  the  machines.  At  some  point  in  the  main 
pipe,  usually  near  the  fan,  a  cleaner  is  placed  that  serves  to 
remove  and  retain  the  small  particles  of  metal.  This  cleaner 
is  so  made  as  to  be  readily  accessible,  and  at  frequent  inter- 
vals is  taken  apart  and  the  contents  after  removal  are  first 
burned  and  then  smelted;  in  this  way,  most  of  the  metal  is 
recovered  and  the  machines  are  kept  in  constant  use  without 
danger  of  wasting  the  material  worked. 

The  cleaner  is  usually  of  cast  iron  fitted  with  inlet  and 
outlet  collars  to  which  the  metal  worker  connects  his  pipes; 
the  cleaner  to  be  used  in  this  case  is  shown  in  Fig.  43  on  the 


TTW^ 
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floor  in  front  of  the  work  bench.  The  inlet  and  outlet  collars 
are  both  of  the  .same  size — 10  inches  in  diameter — the  size  to 
be  used  for  the  diameter  of  the  main  blast  pipe.  The  upper 
edge  of  the  inlet  collar  and  the  lower  edge  of  the  outlet 
collar  are  in  the  same  horizontal  line,  and  the  width  of  the 
cleaner  being  shown  by  the  dimension  figure  in  the  illustra- 
tion, the  student  may,  when  obtaining  his  measurements  for 
the  pipes,  make  the  necessary  allowance  for  the  room  occupied 
on  the  work  bench  by  the  cleaner.  The  cleaner  is  to  be  so 
placed  on  the  bench  that  its  outer  edge  will  coincide  with 
the  edge  of  the  work  bench.     The   inlet  collar,  as  may  be 
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seen  from  the  illiistraLion,  is  at  the  lowest  possible  point, 
and  the  main  blast  pipe  will  therefore  lie  directly  on  top  of 
the  bench.  The  branches  from  the  main  are  to  be  4  inches 
in  diameter  and  are  to  be  formed  of  five-pieced  elbows  that 
also  lie  directly  on  the  work  bench;  the  throats  of  these 
elbows  are  to  be  constructed  in  such  a  manner  that  they 
will  be  tangent  to  a  circle  24  inches  in  diameter.  The 
elbows  are  then  to  be  connected  to  receiver  hoods  of  the 
form  shown  in  Fig.  44,  the  dimensions  at  the  outer  base,  or 
opening  of  these  hoods  being  3  inches  by  9  inches.  The  out- 
line of  this  base  may  be  described  as  rectangular,  with 
rounded,  or  semicircular,  ends — substantially  as  shown  in 
Fig.  44.  The  horizontal  length  of  the  hoods  is  8  inches  and 
the  lower  side  lies  flat  on  the  bench;  in  other  words,  the 
lower  edges  of  the  main  pipe,  of  the  branch  elbows  and 
pipes,  and  of  the  hoods  are  in  the  same  plane. 

23.  A  fan  having  inlet  and  outlet  collars  20  inches 
in  diameter  is  to  furnish  the  blast  for  this  system  of 
piping  and  is  shown  in  Fig.  43;  it  is  to  be  placed  on 
a  shelf  erected  under  the  stool  of  the  window  shown  in 
the  upper  left-hand  portion  of  the  illustration.  When 
in  its  final  position,  the  fan  is  to  be  10  inches  from  the 
face  of  the  window  casing,  and  the  position  of  the  shelf 
is  such  that  a  horizontal  line  that  passes  through  the  center 
of  the  window  will  pass  also  through  the  center  of  the  axis 
of  the  fan.  The  window  opening  is  in  the  form  of  a  rect- 
angle 24  inches  in  height  and  26  inches  in  width.  Thus  it 
will  be  seen  that  a  transition  piece  will  be  required  to  con- 
nect the  window  opening  with  the  opening  at  one  end  of 
the  fan,  and  that,  in  an  elevation  of  this  transition  piece, 
the  centers  of  both  bases  will  coincide  on  the  drawing.  The 
inner  opening  of  the  fan — that  is,  the  opening  nearest  the 
work  bench  when  the  fan  is  in  position — is  to  be  connected 
by  means  of  a  conic  elbow,  made  in  six  pieces,  to  the  main 
pipe,  which,  as  stated  before,  is  10  inches  in  diameter.  The 
main  pipe  is  thence  carried  vertically  downwards  and  is 
connected  by  means  of  a  six-pieced  elbow  with  the  cleaner. 


Digitized  by  VjOOQIC 


§18 


PRACTICAL  PATTERN  PROBLEMS. 


83 


The  width  of  the  fan  and  the  distance  of  the  work  bench 
from  the  side  wall  are  shown  by  dimension  figures  in  Fig.  43. 
The  turn  in  the  conic  elbow  should  be  made  as  short  as  pos- 
sible, and  the  remaining  horizontal  distance  is  to  be  wholly 
taken  up  by  the  turn  of  the  elbow  at  the  lower  end  of  the 
upright  main  pipe. 

In  accordance  with  the  foregoing  specifications,  seven  de- 
velopments are  to  be  made  on  the  examination  plate.  The 
drawing  is  also  to  include  the  necessary  projections,  and 
the  patterns  are  to  be  designated  by  numbers  to  be  referred 
to  by  neat  lettering  near  the  lower  margin  of  the  drawing 
plate.     The  patterns  required  are: 

(a)      Connection  between  window  and  fan. 

(/;)      Conic  elbow  between  fan  and  main  pipe. 

(c)      Curve  for  elbow  in  main  pipe. 

{d)  \  Sections  of  elbow  in  branches  between  hoods  and 

(r)   )       main  pipe. 

(/)     Outline  for  openings  in  main  pipe. 

{^)     Pattern  for  polisher  hoods. 

The  first  three  drawings  are  to  be  made  to  a  scale  of 
1^  inches  to  the  foot,  and  the  remaining  drawings  are  to  be 
made  to  a  scale  twice  as  great  as  those  first  mentioned, 
that  is,  3  inches  to  the  foot. 


FIO.  45. 

It  will  thus  be  seen  that  if  the  drawings  to  be  shown  on 
the  examination  plate  were  to  be  constructed  in  full  size, 
they  would  serve  as  a  complete  set  of  patterns  for  the  actual 
construction  of  the  work  called  for  by  the  foregoing  specifi- 
cations.    Inasmuch  as  the  work  shown   is  an  example  of 
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that  commonly  required  of  a  pattern  draftsman  employed 
by  a  firm  erecting  blowpipes,  the  practice  gained  by  the 
student  will  be  of  very  great  value. 

As  an  aid  to  the  student,  the  completed  fittings  as  finally 
erected  are  shown  in  Fig.  44,  while  a  plan  view  of  the  con- 
struction is  given  in  Fig.  45.  There  is  shown  also  a  reduced 
facsimile  of  the  drawing  plate,  and  by  a  study  of  it,  the 
general  arrangement  of  the  different  views  and  the  accom- 
panying patterns  will  be  evident.  The  reduced  copy  of  the 
plate  does  not  show  the  construction  lines;  but  the  student 
is  to  leave  all  construction  lines  on  the  examination  plate 
sent  to  the  Schools  for  correction. 
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(PART  3.) 


E^TRODUCTION  TO  PBOBLEMS. 

1.  The  problems  contained  in  this  section  relate  especially 
to  those  forms  encountered  by  the  boilermaker,  the  copper- 
smith, and  by  other  workers  in  the  heavier  gauges  of  sheet 
metal.  When  the  patterns  for  such  work  are  developed,  it 
is  highly  important  that  suitable  allowances  be  made 
for  extra  thicknesses  of  stock.  This  subject  has  been 
described  in  a  former  article,  and  it  has  been  shown  that  the 
means  used  by  the  draftsman  in  providing  for  these  allow- 
ances vary  with  the  form  of  the  solid  and  with  the  material. 
It  is  deemed  advisable  in  this  section  to  present  in  detail  sev- 
eral constructions,  in  order  that  the  student  may  have  an 
opportunity  to  study  the  application  of  principles  when 
modified  to  suit  different  requirements.  Too  much  stress 
cannot  be  laid  on  this  important  feature  of  the  patterncut- 
ter's  training;  for  no  matter  how  accurately  a  pattern  may 
have  been  developed,  if  the  draftsman  has  made  an  incor- 
rect allowance  for  thickness  of  stock  or  has  failed  to  dis- 
tribute properly  such  additional  material,  the  result  may 
be  as  far  from  correct  as  though  the  development  had  been 
wrong.  That  the  student  may  fully  understand  the  draw- 
ings, he  should  carefully  follow  out  the  details  of  each  con- 
struction. The  preliminary  instruction  in  Practical  Pattern 
Problems^  Parts  1  and  2,  applies,  also,  to  the  problems  of  this 
section.     The  different  constructions  are  to  be  studied  in 

§19 
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the  same  manner  as  heretofore,  for  unless  the  student 
obtains  the  practice  afforded  by  these  problems,  he  will 
experience  difficulty  with  the  examination  plate. 

3.  Attention  has  already  been  called  to  the  importance 
of  determining,  in  any  view,  the  correct  lines  of  intersection 
between  the  different  solids,  or  portions  of  solids,  that  may 
be  represented.  The  methods  used  in  finding  these  lines 
for  the  several  varieties  of  solids  have  already  been 
explained  and  need  not  be  considered  here;  the  subject  is 
referred  to  at  this  time  only  for  the  purpose  of  directing  the 
student's  attention  to  a  method  frequently  used  by  design- 
ers and  others  in  working  out  the  general  features  of  a 
construction  without  paying  particular  attention  to  the 
minor  details  of  a  drawing.  They  frequently  represent  the 
lines  of  intersection  between  solids  by  lines  drawn  approx- 
imately— either  by  freehand  methods  or  by  straight  lines 
or  angles.  This  practice  answers  all  purposes  of  the  de- 
signer if  it  enables  him  to  locate  the  principal  points  of  his 
construction,  but  it  frequently  misleads  the  inexperienced 
patterncutter,  who,  perhaps,  thinks  that  a  line  shown  on  a 
blueprint  or  a  tracing  is  necessarily  correct. 

No  patterncutter  should  proceed  with  his  developments 
from  projection  drawings  that  have  been  made  by  another, 
unless  he  is  positive  that  the  lines  of  intersection  have  been 
correctly  drawn.  This  he  may  sometimes  determine  by 
the  form  of  the  solids  represented,  together  with  the  gen- 
eral characteristics  of  the  drawing.  On  all  drawings  in 
which  the  entire  process  of  finding  these  lines  is  not  shown,  he 
should  reconstruct  the  projection  from  the  beginning,  and 
work  out  the  entire  solution  of  the  line  of  intersection  by  a 
method  known  to  be  correct.  When  the  student  begins  the 
examination  of  a  drawing,  he  should  first  determine  the 
general  shapes  of  the  different  solids  represented — that  is, 
imagine  them  in  the  positions  called  for  by  the  projection 
drawing — and  secondly,  form  a  correct  idea  of  the  appear- 
ance of  their  intersecting  lines.  The  student  will  be  as- 
sisted  in   the  latter  proceeding  by  his  knowledge    of  the 
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general  characteristics  of  the  solids  that  he  has  already 
represented,  and  should  endeavor  to  remember,  as  far  as 
possible,  exactly  what  are  the  effects  produced  when  irreg- 
ular solids  are  encountered.  In  this  way  his  imagination 
will  be  greatly  assisted,  and  with  experience  will  come  a 
ready  facility  in  meeting  new  conditions. 


GROUP  in:  PATTERNS  FOR  ARTICLES 
IN  HEAVY  SHEET  METAL. 


PROBLEM  41. 

3.  To  develop  the  patterns  of  a  steam  dome  for  a 
boiler. 

Explanation. — From  the  perspective  illustration  given 
in  Fig.  1,  the  student  will  see  at  once  that  this  problem 
involves  nothing  more  than  the  development  of  intersecting 
cylinders.      Were  it   not    that   the   material   is  of  unusual 


Fio.  1. 

thickness,  no  work  would  be  required  of  the  draftsman 
other  than  that  shown  in  former  problems  of  a  similar  na- 
ture. The  diameters  of  the  two  cylinders  are  shown  by  the 
dimension  figures  in  the  illustration,  and  for  the  purpose  of 
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exemplifying  the  method  of  making  the  allowances,  it  may 
be  assumed  that  the  material  is  boiler  plate  f  inch  thick. 
Two  patterns  are  required;  the  first  for  the  sides  of  the 
steam  dome  and  the  other  for  the  opening  in  the  top  of  the 
boiler  to  admit  the  dome. 

Construction. — There  are  several  ways  in  which  allow- 
ances for  thickness  of  material  in  cylindrical  shapes  may  be 
made.  One  is  the  method  by  calculation ;  that  is,  having 
given  the  diameter  of  the  cylinder  and  the  thickness  of  the 
stock,  it  is  possible  to  obtain  the  exact  circumference — 
either  from  the  table  of  Circumferences  or  by  multiplying  the 
diameter  by  3.1416 — and  to  add  to  this  length  such  amount 
as  may  be  necessary  for  the  thickness  of  material.  The 
total  distance  thus  obtained  is  then  laid  off  for  the  stretch- 
out, which  is  then  divided  by  spacing  into  the  same  num- 
ber of  equal  parts  as  make  up  the  outline  of  the  circumfer- 
ence. Through  the  points  thus  obtained  on  the  stretchout, 
edge  lines  are  drawn  and  the  pattern  is  completed  in  the 
manner  already  shown.  Another  method  of  making  these 
allowances,  and  one  that  may  be  recommended  for  general 
use  in  the  development  of  irregular  forms,  consists  in  using 
the  principle  already  applied  in  the  proportional  division  of 
lines.  How  this  principle  serves  here  will  be  clearly  shown 
during  the  construction  of  the  required  patterns.  Draw 
the  plan  and  the  elevation  of  the  boiler  section  shown  in 
Fig.  1  in  accordance  with  the  dimension  figures  there 
given;  the  scale  of  these  drawings  is  Ij^  inches  to  the  foot, 
and  the  arrangement  of  the  views  is  to  be  that  shown  in 
Fig.  2.  Next,  divide  the  outline  of  the  steam  dome  in 
the  plan  into  a  convenient  number  of  equal  parts,  and 
thence  project  the  assumed  edges  to  the  elevation.  Along 
the  line  A  B  Rt  (a),  lay  off  the  stretchout  for  the  dome,  and 
in  a  similar  manner,  along  the  line  D  E  at  (*),  develop  the 
stretchout  for  the  segmental  portion  of  the  boiler  sheet.  It 
may  be  assumed  that  a  distance  equivalent  to  seven  times 
the  thickness  of  the  material  used  is  to  be  added  to  the 
stretchout;  therefore,  make  B x  at  (a)  equal  to  seven  times 
§  inch,  or  2|  inches.      With   the  compasses  set   to  a  radius 
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equal  to  A  x  and  with  the  point  ^^  as  a  center,  describe  a 
short  arc  from  x  in  the  manner  shown.  Erect  perpendicu- 
lars to  A  B  2it  each  of  the  points  located  on  that  line,  and 
fix  the  point  Con  the  perpendicular  drawn  from  B  at  the 


Fig.  2. 

intersection  of  the  arc.  Draw  A  C,  which  will  be  the  re- 
quired stretchout  for  the  dome;  this  line  may  now  be  repro- 
duced, together  with  its  subdivisions,  at  M N  in  the  posi- 
tion required  for  the  development  of  the  pattern.  The  re- 
mainder of  this  portion  of  the  drawing  is  completed  in  the 
usual  way. 
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Before  the  stretchout  for  the  opening  in  the  main  boiler 
shell  can  be  developed,  it  is  necessary  to  ascertain  what 
fractional  part  of  the  entire  circumference  of  the  sliell  is 
taken  up  by  the  opening.  This  may  be  determined  from 
the  elevation,  and  in  this  case  it  will  be  found  that  the  dome 
intersects  about  one-sixth  of  the  entire  circumference.  It 
is  therefore  necessary  to  allow  but  one-sixth  of  the  entire 
amount  that  would  be  required  if  the  whole  circumference 
were  to  be  laid  off  on  the  stretchout.  Hence,  the  line  D  E 
is  laid  off  at  {b)  in  accordance  with  the  spaces  shown  in  the 
elevation,  and  the  distance  Ey  is  made  equal  to  one-sixth 
of  2f  inches,  or  j\  inch.  The  same  method  is  then  pursued 
at  {b)  as  has  been  described  for  the  drawing  at  {a),  and  the 
length  of  the  stretchout  M'  A^\  together  with  its  subdivisions, 
is  made  equivalent  to  the  line  D  F.  The  remaining  portion 
of  the  operation  is  the  same  as  in  former  cases  of  a  similar 
nature,  and  needs  no  further  description. 


PROBLEM  4«. 

4.  To  develop  the  pattern  of  a  slope  sheet  for  a  boiler 
when  the  horizontal  diameter  of  the  boiler  section  Is 
the  same  as  that  of  the  flrebox  section. 

Explanation. — The  style  of  boiler  to  which  reference  is 
made   in  the   above  description  is  shown  perspectively  in 

Fig.  3.  This  problem  is 
really  that  of  producing  the 
pattern  for  a  transition  piece 
between  segmental  sections 
of  a  cylinder  in  which  the 
miter  line  is  arbitrarily 
drawn.  In  this  case,  the  two 
miter  lines,  or  the  two  bases 
of  the  transition  piece,  are 
parallel,  thus  making  the 
sections  of  the  connecting 
cylinders  equal.      Problems 


Fig.  8. 
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of  this  nature  frequently  arise  in  the  blowpipe  fitter's  experi- 
ence— especially  where  there  is  a  limited  amount  of  room, 
and  where  the  correct  line  of  intersection,  if  used,  would 
place  portions  of  the  fitting  in  inconvenient  places.  The  two 
bases  of  the  transition  piece  being  fixed,  it  is  first  necessary 
to  determine  a  section  at  right  angles  to  its  parallel  lines; 
the  correct  spaces  to  be  set  off  on  the  stretchout  may  be 
taken  from  this  view,  and  the  remainder  of  the  development 
will  then  consist  merely  in  applying  the  methods  usual  for 
this  class  of  solids.  In  this  case,  another  allowance  becomes 
necessary,  because  the  material  of  the  boiler  is  heavier  than 
can  be  accurately  accounted  for  in  a  purely  theoretical  devel- 
opment. As  in  the  preceding  problem,  the  diameter  of  the 
boiler  shell  may  be  taken  as  24  inches  and  the  drawings 
made  to  a  scale  of  1^  inches  to  the  foot. 

CoNSTRUCTiON. — Draw  the  end  and  side  elevations,  as 
shown  in  Fig.  4,  and  give  the  slope  sheet  a  pitch  of  30°  to 
the  horizontal.  Divide  the  end  elevation  into  symmetrical 
halves  by  means  of  the  vertical  center  line,  and  also  divide 
the  outline  of  one-half  the  upper  semicircle  in  the  end  eleva- 
tion into  a  convenient  number  of  equal  spaces — thus  loca- 
ting the  points  a,  b^  r,  d^  and  e.  Project  these  points  to  the 
side  elevation  and  carry  the  assumed  edges  across  thei  sur- 
face of  the  slope  sheet  parallel  to  its  upper  outline.  For 
the  purpose  of  constructing  the  desired  sectional  view  of 
the  slope  sheet,  these  assumed  edges  may  be  produced  in- 
definitely toward  the  right-hand  side  of  the  drawing.  At 
any  convenient  place  to  the  right  of  the  right-hand  inter- 
section line,  as  at  w  x\  draw  a  perpendicular  to  these  as- 
sumed ^^%^  lines.  Now,  set  off  from  the  line  ivx^  along 
the  respective  edge  lines,  distances  similar  to  those  shown 
by  the  horizontal  dotted  lines  in  the  end  elevation;  that  is, 
make  x  a!  of  the  side  elevation  equal  to  the  distance  oa  oi 
the  end  elevation;  x^  b'  of  the  side  elevation  equal  to  o'  b  of 
the  end  elevation,  etc.  The  irregular  curve  traced  through 
the  points  a\  b\  c\  etc.  will  define  the  outline  for  the  sec- 
tion, and  the  distances  between  these  points  may  then  be 
set  off  along  the  stretchout.     Before  the  stretchout  can  be 
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developed,  however,  allowance  must  be  made  for  the  thick- 
ness of  material;  this  is  done  in  the  manner  shown  in  the 
preceding  problem.  In  any  convenient  place  on  the  draw- 
ing, as  at  (a),  draw  a  line  of  indefinite  length,  and  on  this 
line  [^j^at(^)]  set  off  distances  similar  to  those  on  the 
outline  of  the  section.  Assume  a  thickness  of  f  inch  for 
material  and  that  a  total  of  seven  times  this  amount  is  to 


Fig.  4. 

be  added  to  the  entire  circumference.  Since  but  one-half 
of  the  circumference  is  needed  for  the  slope  sheet,  one- 
quarter  of  seven  times  f  inch,  or  ||  inch,  is  to  be  added  in 
the  distance  from  B  to  jy  at  (a).  The  method  previously 
described  is  then  followed,  and  the  result,  shown  by  the 
line  A  c  at  (ci),  with  its  subdivisions,  is  set  off  in  the  re- 
quired  position,  as  shown   by  the  stretchout  M N,     Edge 
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lines  are  then  drawn  for  the  pattern  in  the  usual  way,  and 
the  development  is  completed^  in  the  same  manner  as  in 
former  problems. 


PROBLEM  48. 

5.  To  develop  tlie  pattern  of  a  slope  slieet  for  a 
boiler  wlien  the  horizontal  diameter  of  the  boiler  sec- 
tion Is  l€^ss  than  that  of  the  firebox  section. 

Explanation. — The  style  of  boiler  shown  in  perspective 
in  Fig.  5  is  perhaps  more  common  than  the  one  described 
in  the  preceding  problem;  but  the  question  of  obtaining  a 
pattern  for  its  slope  sheet  is  a  more  difficult  one  than  in  the 
case  just  described.  The  method  to  be  shown  of  allowing 
for  thickness  will  generally  avail  for  such  allowances  in  tri- 
angulation  developments.  This  method  is  identical  with 
that  of  preceding  problems,  but  the  manner  in  which  the 
application  is  made  to  the  drawing  differs  slightly  from  that 
already  shown.  For  this  reason  the  student  should  pay 
careful  attention  to  the  construction  of  this  problem. 

It  will  be  assumed  in  this  case  that,  while  the  diameter  of 
the  boiler  section  is  the  same  as  in  the  preceding  problem, 
24  inches,  that  of  the  fire- 
box section  beyond  the 
throat  sheet  is  36  inches. 
This  difference,  although 
greater  than  will  be  found 
in  actual  experience,  is 
used  here  because  the 
process  shows  to  better 
advantage  where  the  angle 
of  inclination  is  consider- 
able. The  top  angle  of 
the  slope  sheet  and  the 
length  of  the  transition 
piece,  as  shown  in  the  side 
elevation,  are  the  same  as  ^lo.  5. 
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in  Problem  42,  and  the  drawings  are  to  be  constructed  to 
the  same  scale,  i.  e.,  1^  inches  to  the  foot. 

Construction. — Draw  the  end  and  the  side  elevation  in 
accordance  with  the  dimensions  previously  given,  and  give 
the  different  views  the  same  relative  position  that  they  have 
in  Fig.  6.  In  the  end  elevation,  after  drawing  the  vertical 
center  line,  divide  the  outline  of  each  of  the  sections  into 
the  same  number  of  equal  parts  and  project  the  points  thus 
located  to  the  side  elevation.  Number  or  letter  these  points 
consecutively,  as  in  Fig.  6,  and  draw  lines  between  the  suc- 
cessive points.  After  this  work  has  been  done,  a  temporary 
stretchout  for  each  base  is  to  be  laid  off,  as  shown  at  (a) 
and  {6);  the  allowance  for  thickness  is  then  made,  as  shown 
at  the  right  of  the  stretchout  lines,  and,  after  erecting  per- 
pendiculars from  the  extreme  right-hand  points,  the  oblique 
lines  are  drawn  from  the  arc  intersections,  respectively,  to 
the  points  6  at  (a)  and  a  at  {b).  Perpendiculars  are  then 
erected  at  the  points  rfand  c,  and  the  distances  dd'  for  the 
smaller  base  and  ^^' for  the  larger  base  are  taken  as  the 
radii  for  the  arcs  in  the  pattern.  The  student  may  under- 
stand from  this  drawing  that,  since  the  original  distances  on 
the  temporary  stretchouts  were  each  equal,  it  is  necessary 
to  determine  the  increased  amount  to  be  added  for  but  one 
of  the  spaces;  if  the  spaces  on  the  temporary  stretchout  were 
unequal,  as  in  the  stretchout  for  the  opening  of  the  boiler 
sheet  in  Problem  41,  the  entire  process  there  shown  should 
be  undertaken  here.  The  true  lengths  of  all  foreshortened 
lines  must  now  be  determined  by  means  of  a  diagram  of  tri- 
angles, and  the  completion  of  the  pattern  will  differ  in  no 
material  respect  from  drawings  that  have  heretofore  been 
explained.  But,  since  the  draftsman  seldom  constructs 
these  triangles  in  the  complete  manner  in  which  they  have 
been  illustrated  in  these  problems,  the  student  is  here  shown 
a  method  of  simplifying  the  construction  of  triangulation 
problems.  This  method  has  the  advantage  of  being  con- 
siderably shorter  than  that  previously  explained,  but  it  re- 
quires close  attention  on  the  part  of  the  draftsman,  and  if 
he  is  called  away  from  the  drawing,  or  if  his  attention  is 
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diverted,  he  may  **lose  his  place'*;  and  in  that  case,  some 
of  the  work  has  to  be  gone  over  again. 

Construct  the  right  angle  w  xy  at  (c)  and  make  the  dis- 
tance wx  equal  to  the  perpendicular  width  of  the  slope 
sheet;  that  is,  equal  to  the  distance  or,  as  shown  in  the  side 
elevation.  This  right  angle  is  to  serve  for  all  the  tempo- 
rary triangles  needed  for  the  construction,  but  the  drawing 
of  each  different  hypotenuse  is  to  be  omitted.  Just  how 
this  is  done  will  be  explained  as  the  drawing  progresses.  In 
the  view  at  (^/),  draw  a  vertical  center  line  of  indefinite 
length,  and  set  off  the  distance  ^r  on  this  line  equivalent  to 
the  distance  q'  r'  of  the  side  elevation.  From^  as  a  center, 
with  a  radius  a  c'  as  taken  from  the  drawing  at  (^),  de- 
scribe an  arc  of  indefinite  length;  in  a  similar  manner,  and 
with  a  radius  bd'  taken  from  the  drawing  at  {a),  describe 
an  arc  from  r  at  {d).  Now,  set  the  dividers  to  the  dis- 
tance q p^  as  shown  in  the  end  elevation,  and,  after  setting 
one  point  of  the  dividers  lightly  on  the  point  x  at  the 
vertex  of  the  right  angle  at  (c),  set  the  other  point  of  the 
instrument  firmly  on  the  horizontal  line  at  the  point  y. 
With  this  point  of  the  instrument  firmly  held  on  the  point  j, 
open  the  dividers  by  light  pressure  with  the  middle  finger, 
until  the  free  point  of  the  instrument  will  reach  exactly  to 
the  point  w.  The  span  of  the  dividers  is  thus  equivalent 
to  the  length  of  the  hypotenuse  of  the  right-angled  tri- 
angle zvxy^  although  the  hypotenuse  is  not  shown  by  any 
line  on  the  drawing.  The  dividers  may  now  be  lifted  care- 
fully over  to  the  drawing  at  {d),  and,  after  setting  one 
point  of  the  instrument  at  the  point  q^  the  point  /  may  be 
fixed  by  a  slight  prick  mark  made  on  the  arc  described 
from  r.  Next,  the  distance  po  may  be  transferred  in  a 
similar  manner  to  the  horizontal  line  at  (f),  and,  the  right- 
hand  point  of  the  instrument  being  held  in  its  position  on 
the  horizontal  line  until  the  dividers  are  opened  to  reach  the 
point  7t/,  the  true  length  of  the  line  po  may  be  ascertained 
and  transferred  to  the  pattern  at  {d)  in  a  similar  manner. 
This  process  is  then  continued  until  all  the  foreshortened 
lines  shown  in  the  elevation  are  transferred  in  their  true 
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lengths  to  the  pattern.  If  desired,  the  operation  may  be 
continued  on  both  sides  of  the  center  line  of  the  pattern 
and  the  entire  development  produced  at  once.  Only  one- 
half  of  the  pattern  is  shown  in  Fig.  G,  and  since  the  piece  to 
be  developed  is  usually  of  such  size  that  it  is  impractical  to 
get  it  out  of  a  single  sheet  of  metal,  it  is  generally  prefer- 
able to  lay  out  the  pattern  in  the  manner  shown  in  the  illus- 
tration. But  a  student  should  not  attempt  to  ascertain  the 
true  lengths  of  lines  by  this  method  unless  he  is  positive  of 
his  thorough  mastery  of  the  principles  involved  in  triangu- 
lation  developments  and  unless  he  is  sure  of  no  interrup- 
tions during  the  construction  of  the  drawings.  The  plan 
here  shown,  while  it  is  to  be  highly  recommended  on  account 
of  saving  labor,  requires  close  attention  on  the  part  of  the 
draftsmen,  since,  in  case  of  error,  he  is  obliged  to  go  over 
the  entire  work.  As  the  student  acquires  proficiency  in  his 
work,  however,  this  danger  is  materially  lessened,  and  after 
a  little  practice  he  will  easily  avoid  error  in  such  construc- 
tions. 


PROBLEM  44. 

6.     To  develop  tlie    pattern  for  a   gn^sset  plate  be- 
tween a  boiler  and  a  stack. 

Explanation. — The  gusset  plates  shown  at  A  in  the  view 
of  the  boiler  in  Fig.  7  are  intended  to  add  lateral  strength 


Fig.  7 


to  the  stack  and  to  prevent  its  weight  from  resting  entirely 
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on  a  comparatively  small  space  on  the  boiler  sheet ;  in  other 
words,  to  distribute  the  weight  of  the  stack  over  a  larger 
area.  The  development  cannot  be  made  until  the  lines  of 
intersection  have  been  correctly  found.  It  should  be  re- 
marked here  that,  if  the  student,  after  receiving  a  drawing 
of  any  complicated  form,  will  first  ascertain  whether  the 
lines  of  intersection  are  correct,  he  will  often  avoid  trouble 
and  vexation.  The  view  in  Fig.  7  shows  the  gusset  plates 
on  both  sides  of  the  stack,  but  since  they  are  alike,  a  devel- 
opment for  one  side  will  suffice.  The  diameter  of  the  boiler 
shell  is  the  same  as  in  the  preceding  problems — 24  inches — 
and  the  diameter  of  the  stack  may  be  taken  as  12  inches. 
The  drawings  are  to  be  made  to  a  scale  of  H  inches  to  the 
foot. 

Construction. — Draw  first  the  end  elevation,  as  shown 
in  Fig.  8,  and  then  the  side  elevation  of  the  boiler  section 
and  of  the  stack.  Since  the  pattern  for  the  stack  intersec- 
tion is  required  in  shop  practice,  this  line  should  be  care- 
fully worked  out.  This  is  accomplished  by  regular  projec- 
tion methods  and  is  shown  in  Fig.  8.  The  student  may 
omit  the  development  of  the  pattern  for  the  stack  and  for 
the  opening  in  the  boiler  sheet,  since  this  work  is  exactly 
the  same  as  has  been  shown  in  Problem  41.  The  stack  and 
the  boiler,  together  with  their  line  of  intersection,  having 
been  drawn  in  the  side  elevation,  the  gusset  plate  may  be 
represented  as  follows:  With  the  G()°  triangle  draw  A  B 
from  the  middle  point  of  intersection  shown  in  the  side  ele- 
vation, and  from  B  draw  the  line  B  C  with  the  45°  triangle. 
The  irregularly  curved  intersection  line  A  C  \%  then  devel- 
oped. The  method  of  development  is  to  draw  vertical  pro- 
jectors from  the  end  view  of  the  stack  at  (^?),  producing 
them  until  they  intersect  the  line  AB\  thence  they  are 
continued  parallel  to  B  C  and  intersected  in  the  lower  por- 
tion of  the  drawing  of  the  gusset  plate  by  horizontal  pro- 
jectors drawn  from  the  end  elevation,  in  the  manner 
shown  in  Fig.  8.  To  determine  the  stretchout  for  this  pat- 
tern, a  section  at  right  angles  to  the  parallel  lines  of  the 
gusset  plate  must  now  be  drawn.     The  assumed  edges  are 
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accordingly  produced  indefinitely  toward  the  left  side  of 
the  drawing,  and  at  right  angles  to  them  the  line  w  x  is 
drawn.  The  vertical  distances  above  the  horizontal  center 
line  are  then  taken  from  the  view  at  {a)  and  transferred  in 
their  proper  places  to  the  view  at  (c) ;  the  irregular  curve 
there  shown  is  then  traced  through  the  points  thus  located. 
The  required  distances  for  the  stretchout  may  now  be 
taken  from  the  outline  of  the  curve  at  (r),  but  before  the 
stretchout  is  laid  out  in  its  proper  position,  allowance  should 


Fig.  8. 

be  made  for  thickness  of  material.  Assuming,  now,  that 
the  gusset  plate  is  to  be  \  inch  thick,  it  will  be  seen  that 
an  amount  should  be  added  to  the  stretchout  of  the  pattern 
equivalent  to  that  required  by  a  semicircle,  or  \  of  seven 
times  \  inch,  or  |  inch.  The  theoretical  stretchout  A  B  is 
developed  in  the  usual  way,  as  shown  at  (^),  and  the  dis- 
tance B y  \^  set  off  as  J  inch.  By  the  method  previously 
explained,  the  stretchout  A  C  is  then  developed  and  is 
copied  in  its  proper  position  M N.     Through  its  subdividing 
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points  edge  lines  are  next  drawn,  and  developers  are  car- 
ried from  the  required  points  on  the  outline  of  the  gusset 
plate.  The  resulting  pattern  at  {(/)  will,  therefore,  be  the 
required  outline,  and,  if  desired,  edges  may  be  added  for 
riveting  flanges. 


PROBLEM  45. 

7.  To  develop  tlie  patterns  of  an  ornamental  cap 
for  a  smokestack. 

Explanation. — The  boilermaker  is  often  called  upon  to 
provide  the  upper  end  of  a  stack  with  an  ornamental  finish. 
Modifications  of  the  design  shown  in  Fig.  9  are,  perhaps, 
most  commonly  used,  and  may  be  ob- 
served in  the  finish  applied  to  the  top 
of  locomotive  smokestacks.  It  is  usual 
to  make  this,  ornamental  work  inde- 
pendent of  the  stack  proper;  the  orna- 
mental shell  is  then  slipped  over  the 
upper  end  of  the  stack  and  riveted  in 
position.  On  this  account,  the  metal 
used  for  the  top  may  be  somewhat 
lighter  than  that  of  the  stack  itself;  the 
difficulties  attending  the  hammering,  or 
raising,  of  the  curved  form  are,  there- 
fore, reduced  somewhat;  since  lighter 
metal  is  more  easily  brought  into  proper  shape  than  are  the 
heavier  gauges. 

Assume  that  the  stack  is  12  inches  in  diameter  and  that 
the  curve  for  the  top  merhber,  shown  in  the  side  elevation, 
is  described  with  a  radius  of  3  inches;  for  the  large  **cove" 
member,  with  a  radius  of  12  inches;  and  that  the  radius 
for  the  semicircular  bead  is  1^  inches.  The  drawings  are 
to  be  made  to  a  scale  of  1^  inches  to  the  foot. 

Construction. — Draw  the  elevation,  as  shown  in  Fig.  10, 
in  accordance  with  the  dimensions  given  in  the  specifications, 


FIG.  9. 
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and  draw,  also,  the  vertical  center  line,  which  is  pro- 
duced indefinitely  both  above  and  below  the  figure.  A 
separate  development  of  each  member  of  the  ornamental 
top  is  made,   treating  it  as  a  frustum    of  a  cone,   in  the 


Fig.  10. 


manner  already  explained  for  the  zones  of  a  sphere,  or  ball. 
The  lines  that  determine  the  frustum  are  represented  in 
Fig.  10  by  the  oblique  lines  that  intersect  the  center  line. 
The  student  will  require  some  experience  in  ** raising"  the 
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different  metals  before  he  wi.\  \»^  aM«r  to  understand  pre- 
cisely where  to  draw  the^k:  lines.  Generally,  however,  the 
lines  should  be  drawn  in  the  direction  indicated  by  the 
curved  portion  ;  that  is,  in  a  direction  such  that,  if  the  curved 
outh'ne  were  straij^htened  out,  the  least  amount  of  bending 
would  cause  it  to  assume  the  direction  indicated  by  such 
oblique  line.  After  this  oblique  line  has  been  drawn,  erect 
a  perpendicular  to  the  line  from  a  point  midway  on  the 
curved  outline.  Then  space  off  the  curved  outline  and  lay 
off  an  ecjual  number  of  similar  distances  on  both  sides  of 
the  perpendicular.  That  is,  the  oblique  line  for  the  devel- 
opment of  the  upper  member  having  been  drawn  to  the 
point  o  in  Fig.  10,  a  perpendicular  is  erected  from  the 
point  X  situated  at  about  the  middle  point  of  the  curved 
line;  the  curved  outline  is  then  divided  by  spacing — three 
divisions  being  located  above  x  and  three  below.  These 
spaces  are  next  set  off  on  the  oblique  line — three  above  the 
perpendicular  and  three  below — and  from  the  outer  points /? 
and  ^,  arcs  that  define  the  outline  of  the  pattern  are  de- 
scribed from  ^  as  a  center,  in  the  manner  shown.  The 
length  of  stretchout  is  determined  on  the  arc  described 
from  rt',  and  is  equal  to  the  circumference  of  a  circle  de- 
scribed with  a  radius  equivalent  to  the  perpendicular  dis- 
tance from  the  point  a  to  the  vertical  center  line.  The 
patterns  for  the  remaining  members  of  the  ornamental  top 
arc  obtained  in  a  similar  manner,  as  may  be  seen  from 
Fig.  10;  their  respective  centers  are  located  at  the  points  o' 
and  o\  and  the  required  radii  are  found  in  the  manner 
already  described.  It  should  be  noted  that  the  pattern  for 
I  he  half-round  bead  is  obtained  in  two  pieces,  and  that  in 
I  he  finished  bead  a  seam  is  to  be  found  along  the  central 
line,  as  shown  by  the  dotted  line  crossing  the  bead  in 
I'ig.   10. 


PROBLEM  16. 

8,     To  <lovolop  the  patterns  for  the  ventilator  knoivn 
as  au  **  Kinei'si)ii**  head. 
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Explanation. — No  compilation  of  pattern  problems  would 
be  complete  without  a  description  of  this  well-known  venti- 
lator, Fig.  11.  Perhaps  no  other 
ventilator  that  is  not  proprietary  is 
used  so  generally  and  for  such  a  va- 
riety of  purposes.  It  is  employed 
with  equal  efficiency  as  a  smoke 
jack  and  as  a  ventilator  cap.  Its 
proportions  are  varied  somewhat  in 
different  localities,  but  it  usually 
has  the  following  dimensions :  The 
distance  a^  Fig.  12,  is  one-half  of 
the  diameter  of  the  opening,  and  b 
is  one-quarter.     The  lower  flange  P'^-  *^- 

has  an  inclination  of  45°  and  the  outer  diameter  of  the 
upper  flange  is  the  same  as  that  of  the  lower;  the  angle  of 
inclination  for  the  flaring  pieces  of  the  upper  flange  is  30° 
to  the  horizontal.  In  the  construction  of  smaller  ventilators, 
the  upper  cone  is  frequently  absent,  but  since  it  strengthens 
the  upper  flange,  it  is  usually  included  in  ventilators  of  a 
diameter  larger  than  24  inches. 

The  drawings  for  this  problem  are;  to  be  made  to  a  scale 
of  3  inches  to  the  foot,  and  are  to  represent  a  ventilator 
24  inches  in  diameter  at  the  opening  that  is  to  be  con- 
structed in  accordance  with  the  foregoing  specifications. 
The  material  is  to  be  \  inch  thick,  for  which  allowances 
must  be  provided  in  the  pattern. 

Construction. — Draw  the  elevation,  as  shown  in  Fig.  12, 
and  describe  a  circle  in  the  plan  that  will  represent  the 
outer  outline  of  the  flanges.  Since  the  upper  flange  is  com- 
posed entirely  of  two  cones,  attached  base  to  base,  the  de- 
velopment of  their  patterns  needs  no  explanation.  It  may 
be  stated,  however,  that  in  the  development  of  entire  sur- 
faces of  cones  of  heavy  metal,  the  allowance  made  for 
cylinders  is  added  to  the  stretchout  for  the  cone.  For  a 
conic  frustum,  however,  this  allowance  is  made' in  a  slightly 
different  way,  as  will  appear  in  the  pattern  for  the  lower 
flange.     Two   pieces  similar  to  that  shown  at  (a)  will    be 
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Fig.  li. 
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required  for  the  upper  flange,  and  to  one  of  these  pieces  an 
edge  should  be  added  around  its  curved  outline,  for  the  pur- 
pose of  turning  over  and  holding  securely  the  other  cone. 
In  the  development  of  the  pattern  for  the  frustum  that 
forms  the  lower  flange,  the  allowance  for  thickness  is  to  be 
added  to  both  arcs;  that  is,  the  lines  enclosing  the  addition 
will  be  parallel.  This  apparent  discrepancy  is  due  to  the 
fact  that  when  the  entire  surface  of  the  cone  is  in  one  piece, 
the  stretch  of  the  metal  during  the  bending  operation  is  not 
the  same  as  when  only  a  portion  of  its  surface  is  formed.  For 
large  ventilators  it  often  happens  that  the  upper  cones  must 
be  divided  in  this  manner  and  the  surfaces  of  the  cones  made 
up  of  sections  similar  to  those  of  frustums;  when  this  occurs, 
it  is  necessary  to  follow  the  plan  given  for  the  lower  flange. 
After  laying  out  the  patterns  for  the  different  flanges,  it  is 
important  that  the  positions  of  the  braces  should  be  noted 
in  the  flat  sheet,  and  such  holes  as  are  necessary  may  then 
be  cut  out  before  the  work  is  formed  up.  The  holes  for  the. 
rivets  in  such  work  may  be  drilled  or  punched  in  the  flat 
sheet,  and  they  should  be  very  carefully  located. 


PROBLEM  47. 

9.  To  develop  the  patterns  of  a  transition  piece 
betTveen  a  horizontal  rectangrular  opening:  and  an 
upright  cylindrical  stack. 

Explanation. — When  stacks  of  large  diameter  are  made 
of  boiler  plate,  it  frequently  becomes  necessary,  on  account 
of  their  great  weight,  to  provide  a  foundation  for  them 
independent  of  the  boiler.  For  such  cases,  a  transition 
piece  must  be  provided.  The  sheet-metal  worker  must 
form  this  transition  piece  so  that  an  unobstructed  flow  of 
air  may  be  obtained  between  the  boiler  and  the  stack.  An 
example  of  such  a  case  is  shown  in  Fig.  13.  The  upright 
stack  is  shown  already  erected,  and  for  the  purposes  of  this 
problem    its   diameter   is   assumed  to   be   10  inches.     The 
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perpendicular  distance  from  the  stack  to  the  opening  is 
G  inches,  while  the  rectangular  opening  is  10  inches  by 
20  inches.  The  relative  i)()sition  of  the  stack  and  the  open- 
ing is  such  that  a  hori- 
zontal center  line  drawn 
through  the  plan  will  pass 
through  the  centers  of  both 
the  rectangle  and  the  cir- 
cle. The  top  and  the  un- 
der side  of  the  transition 
piece  are  given  inclinations 
of  G0°,  as  shown  in  a  side  el- 
evation, and  the  opening  in 
the  stack  must  have  an  area 
equal  to  that  of  the  horizon- 
tal opening.  The  drawings 
are  made  to  a  scale  of 
1^  inches  to  the  foot. 

Construction. — Draw  the  plar\  first;  in  this  view,  Fig.  14, 
after  representing  the  rectangle  and  the  circle,  equidistant 
parallels  are  to  be  drawn  both  above  and  below  the  center 
line,  and  at  a  distance  from  that  line  equal  to  one-half  the 
width  of  the  horizontal  opening.  The  intersections  of  these 
parallels  with  the  outline  of  the  circle  at  the  points  a  and  a' 
will  thus  represent,  when  projected  to  the  elevation,  the 
lines  along  which  the  cut  is  to  be  made  in  the  stack.  A 
projector  is,  therefore,  to  be  carried  indefinitely  into  the 
elevation  from  the  point  a,  as  shown  in  Fig.  14.  Also, 
project  the  elevation  of  the  stack  and  draw  the  horizontal 
line  e  f  to  represent  the  edge  of  the  opening,  as  shown. 
From  ftob  in  the  elevation,  a  short  distance  is  measured 
off  to  provide  a  lap  for  the  transition  piece  when  it  is  fitted 
to  the  flange  of  the  opening,  and  from  the  point  b  an  oblique 
line  at  the  given  angle  is  carried  upwards  until  it  intersects 
the  projector  drawn  from  a.  The  outer  angle  at  b  is  next 
bisected,  and  the  bisector  produced  until  it  intersects  a 
vertical  line  drawn  from  the  point  e.  Another  oblique  line 
parallel  to  the  one   first  drawn   is   then   carried  from   the 
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left-hand  point  of  intersection  up  to  its  intersection  with  the 
projector  from  a  at  a'  in  the  elevation.  The  drawing  now 
shows  that  the  surface  represented  in  the  elevation  is  not  a 
plane  surface,  since  its  bounding  lines  are  not  in  the  same 
plane;  if,  however,  a  line  be  drawn  from  b  to  a\  two  sur- 
faces will  be  defined,  each  of  which  will  be  a  plane,  or  flat, 
surface,  and,  therefore,  easy  of  development.  This  problem 
is  especially  to  be  noted  as  one  that  requires  the  exercise  of 
the  mental  faculty  called  iinaginatio7i — a  faculty  on  which 
the  student  must  depend  to  extricate  himself  from  diflficul 
ties  that  attend  the  development  of  such  forms  as  are  here 
shown.  The  completion  of  the  drawing  and  the  develop- 
ment of  the  different  surfaces  of  the  transition  piece  are 
now  comparatively  easy  and  should  give  the  student  no 
trouble. 

It  is  necessary,  of  course,  to  cut  out  the  pieces  that  form 
the  upper  and  lower  sides  of  the  transition  piece  so  that 
they  will  accurately  fit  the  sides  of  the  stack.  The  student 
has  a  choice  of  two  methods  of  spacing  for  this  development: 
he  may  either  divide  a  certain  portion  of  the  oblique  line 
from  b  into  equal  spaces  and  project  the  points  thus  located 
to  the  plan;  or  he  may  locate  the  equal  spaces  on  the  out- 
line of  the  circle  in  the  plan  and  then  project  those  points 
to  the  elevation.  The  former  of  these  methods  has  been 
used  in  Fig.  14,  although  it  maybe  stated  that  there  is  little 
choice  between  the  two,  and  the  student  may  use  either  at 
his  discretion.  The  development  of  the  patterns  for  the 
upper  and  lower  sides  of  the  transition  piece  may  be  con- 
veniently made  along  the  horizontal  center  line  of  the  plan, 
and  then  the  true  lengths  of  the  sides  for  the  remaining 
pieces  may  be  ascertained  from  the  projections.  The  pattern 
for  the  outline  of  the  opening  to  be  cut  in  the  stack  may  also 
be  laid  off,  as  shown  in  Fig.l4.  As  explained  earlier  in  the 
Course,  such  allowances  as  may  be  necessary  on  account  of 
thickness  of  material  are  to  be  made  before  the  pattern  is 
transferred  to  the  metal.  Since  these  matters  have  already 
been  discussed  at  some  length,  no  further  description  of 
them  is  necessary. 
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PROBLEM  48. 

lO,  To  develop  the  patterns  of  an  Irregular  elbow 
in  a  reetangrular  pli)e. 

Explanation.  —  One  of  the  principles  applied  to  the 
arrangement  of  plane  surfaces  in  the  preceding  problem  is 
of  frequent  service  to  the  draftsman  when  he  is  called  on  to 
lay  out  rectangular  pipework.  Much  of  the  work  now  re- 
quired in  the  construction  of  blast  systems  for  heating  large 
buildings  is  of  this  order.  In  such  work,  an  important 
feajiure  consists  in  so  constructing  the  pipes  as  to  obtain  an 
unimpeded  flow  of  air.  This  cannot  be  accomplished  if  the 
areas  of  the  pipes  are  anywhere  reduced.  In  order  that  the 
student  may  understand  exactly  what  is  meant  by  this,  he 
is  referred  to  Fig.  15  for  an  examination  of  the  double  elbows 
there  shown.  Note  that  in  the  construction  at  (a),  the 
miter  lines,  or  the  lines  of  intersection  between  the  different 


Fig.  15. 

sections  of  the  elbow,  are  not  drawn  in  accordance  with  the 
methods  hitherto  explained ;  that  is,  the  angles  between  the 
outer  outlines  have  not  been  bisected,  as  in  the  elbow  shown 
at  (^),  and  the  result  is  that  the  middle  section  of  the  elbow 
has  a  smaller  cross-section  than  have  the  two  end  sections. 
If  work  is  constructed  in  accordance  with  the  elbow  shown 
at  {a),  it  is  evident  that  when  the  capacity  of  the  connecting 
pipes  is  fully  taxed,  there  will  not  l)e  a  free  discharge  of  air 
at  the  opening,  for  it  is  a  well-known  principle  that  governs 
the  flow  both  of  liquids  and  gases  that  the  discharge  of  any 
line  of  piping  in  a  given  time  will  be  only  so  much  as  will 
flow    througli    the   smallest    opening    in    that    line.      It    is 
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important,  therefore,  that  there  be  no  such  contraction  in 
any  portion  of  its  entire  length,  and  to  accomplish  the  best 
results,  the  elb<3\v%  and  turns   that  are  necessary  must   be 

made  in  accordance  with 
established  rules.  In  such 
work  the  draftsman  must 
rely  on  his  judgment  and 
A  ^^^m^^^^         must    be    alert    to   detect 

y^r  'i         il^  errors    that    are    sure    to 

j/%  ,-       ''-'^WJ'  '  '^^^^       arise  if  he  does  not  exer- 

™^  -         '  cise  his  imaginative   pow- 

ers to  their  fullest  extent. 
mm   "     h  The  classes  of  work   with 

*  %  I  which    he    is    required    to 

deal  are  so  varied  that  no 

general  rules  can  be  given, 

Fio.  16.  f  ^  ,.     ,  ^    .      * 

but  after  a  little  practice, 

he  will  be  able  to  avoid  such  errors  of  construction,  and  will 
be  able  to  plan  his  work  in  accordance  with  the  desired 
results.  An  example  of  this  sort  is  shown  perspectively  in 
Fig.  16.  A  square  turn  must  here  be  made  in  a  rectangular 
pipe,  and  in  such  a  position  that  the  lateral  dimensions  are 
reversed.  The  most  important  feature  of  the  work  consists 
in  making  the  projection  drawings,  and  especial  attention 
is  therefore  directed  to  their  construction.  The  cross- 
section  of  the  pipe  is  a  rectangle  12  inches  by  16  inches, 
and  a  perpendicular  distance  of  8  inches  each  way  is 
allowed,  as  explained  in  the  following  construction.  The 
drawings  are  made  to  a  scale  of  1  J^  inches  to  the  foot. 

Construction. — Draw  the  lines  A  B  and  B  C  at  right 
angles  to  each  other,  as  shown  in  the  elevation,  Fig.  17. 
Measure  off  a  distance  of  8  inches  on  each  line  from  the 
vertex  B,  and  make  xA  equal  to  the  width  of  the  rectangle 
and  x'  C  equal  to  its  length.  Draw  projectors  to  the  plan 
from  points  x  and  A,  and  produce  the  projector  from  A  up- 
wards indefinitely.  Draw  a  temporary  line  x  x'  and  bisect 
at  X  the  outer  angle,  formed  by  x  x'  and  the  vertical  pro- 
jector; produce  this  bisector  until  it  intersects  the  projector 
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drawn  from  A.  From  this  latter  point  of  intersection, 
draw  a  line  to  the  point  C,  and  from  C  draw  a  horizontal 
line  of  indefinite  length.  Bisect  the  angle  thus  formed  at  C, 
and  produce  the  bisector  until  it  intersects  a  horizontal  line 


drawn  from  the  point  x'  at  D.  The  projection  drawings  are 
then  completed  by  a  line  drawn  between  the  points  :r  and/). 
It  will  then  be  seen  by  comparing  the  relative  positions  of 
the  lines  defining  the  surface  of  the  middle  section  of  the 
elbow  that  they  do  not  lie  in  the  same  plane,  as  was  the 
.4    ri.—2Q 
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case  of  a  similar  portion  of  the  transition  piece  in  the  pre- 
ceding problem;  but  by  the  same  method,  this  surface  may- 
be divided  into  two  separate  surfaces,  each  of  which  will  be 
a  plane,  or  flat,  surface ;  this  line  x  C  is  accordingly  drawn,  as 
shown  in  Fig.  17.  The  development  of  the  different  pieces 
is  then  made  in  a  manner  similar  to  that  of  the  preceding 
problem,  and  since  the  process  is  fully  shown  in  the  illus- 
tration, no  further  description  is  necessary. 


PROBI.KM  49. 

11.  To  develop  the  patterns  for  an  oblique  connec- 
tion In  a  rectangrular  pipe. 

Explanation. — -This,  like  the  two  preceding  problems, 
deals  with  a  particular  case  of  rectangular  pipe  construction 
in  which  the  draftsman  is  required  to  exercise  his  imaginative 


FlO.  18. 


powers,  together  with  his  knowledge  of  projection  drawing. 
In  fact,  unless  the  student  fully  understands  the  various 
methods  that  may  be  used  on  the  drafting  board  for  the 
purpose  of  obtaining  desired  views  of  objects,  and  unless  he 
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also  exercises  his  imagination  for  the  purpose  of  compre- 
hending the  position  in  which  a  given  object  must  be  shown, 
he  will  often  be  at  a  loss  for  the  means  of  obtaining  develop- 
ments that  are  otherwise  comparatively  simple  in  their 
construction.  The  particular  case  to  which  the  student's 
attention  is  directed  is  shown  perspectively  in  Fig.  18.  A 
rectangular  pipe  whose  dimensions  in  cross-section  are 
4  inches  by  12  inches  must  be  carried  from  one  horizontal 
level  to  a  level  24  inches  above,  so  that  its  sectional  area 
will  not  be  diminished;  at  the  same  time,  the  lateral  obliquity 
is  such  that  the  pipe  must  veer  12  inches  to  one  side,  a 
distance  equal  to  the  entire  width  of  the  pipe;  and,  as  shown 
in  the  plan,  the  entire  construction  is  to  be  made  within  a 
longitudinal  distance  of  20  inches.  The  longitudinal  distance 
from  the  furnace  casing  to  the  nearest  corner  of  the  miter 
is  to  be  6  inches.  The  perspective  illustration  shows  these 
conditions,  and  a  student  experienced  in  the  construction  of 
rectangular  pipework,  as  in  the  erection  of  blast  systems  for 
heating,  will  recognize  the  conditions  as  aa  example  of  a 
fitting  occasionally  encountered.  The  drawings  are  made 
to  a  scale  of  1|  inches  to  the  foot.  It  is  assumed  that  the 
lower  horizontal  section  is  attached  to  the  sides  of  an  upright 
cylinder — as  in  the  case  of  a  cold-air  connection,  or  intake,  to 
a  furnace— and  that  one  edge  of  the  pipe,  if  produced,  will 
pass  through  the  center  of  the  circle  that  represents  a  plan 
of  the  furnace  casing — the  diameter  of  the  latter  being 
32  inches. 

Construction. — A  portion  of  the  plan  is  first  drawn;  in 
this  view,  the  circle  that  represents  the  furnace  casing  is 
described  with  the  required  radius,  as  shown  in  Fig.  19,  and 
from  its  center  a  vertical  line  of  indefinite  length  is  drawn 
for  the  purpose  of  defining  one  side  of  the  lower  section  of 
the  rectangular  pipe.  Parallel  to  this  line  and  toward  the 
right,  another  vertical  line,  also  of  indefinite  length,  is  then 
drawn,  and  the  perpendicular  distance  between  them  is  made 
equal  to  the  width  of  the  pipe — that  is,  12  inches.  Since 
these  two  lines  define  the  width  of  the  pipe,  and  since  they 
further  locate  the  position  of  the  lower  section  in  the  plan, 
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the  upper  portions  of  the  lines  may  be  considered  as  pro- 
jectors, and  an  elevation  accordingly  constructed  in  its 
proper  position  on  the  drawing.  At  any  convenient  distance 
from  the  plan,  draw  the  two  horizontal  parallels  a  b  and  cd^ 
making  the  perpendicular  distance  between  them  4  inches, 
as  called  for  by  the  specifications;  24  inches  above  the 
line  c  d  draw  another  parallel  line,  which  may  be  consid- 
ered as  representing  the  lower  edge  of  the  upper  rectangu- 
lar section,  while  a  portion  of  the  projector  that  passes 
through  bdiorvci^  the  left-hand  end  of  the  rectangle.  The 
upper  rectangle  is  then  completed,  as  shown  in  Fig.  19,  and 
oblique  lines  are  next  drawn  from  the  corners  of  the  lower 
rectangle  to  corresponding  corners  of  the  upper  rectangle, 
thus  completing  the  elevation  of  the  middle  section. 

Before  the  completion  of  the  plan  is  undertaken,  it  will  be 
well  for  the  student  to  consider  the  drawings  very  carefully. 
The  specifications  state  that  the  entire  middle  fitting  must 
occupy  a  longitudinal  distance  of  20  inches — that  is,  as  such 
distance  is  shown  in  the  plan — ^and  that  the  fitting  is  to  be 
at  a  distance  of  6  inches  from  the  casing,  when  measured  in 
a  similar  manner.  These  distances  may  be  laid  off  for  the 
present  by  drawing  horizontal  lines  of  indefinite  length  at  the 
given  perpendicular  distances — as  shown  by  the  lines  ^/and 
gh  of  Fig.  19.  These  lines  should  be  carried  indefinitely 
toward  the  right,  inasmuch  as  they  are  to  be  used  for  the 
construction  of  a  view  in  which  all  the  lines  of  the  three 
sections  may  be  shown  in  their  true  length.  An  examination 
of  the  elevation  will  show  to  the  student  that  if  the  entire 
fitting  were  rotated  on  the  point  b  as  an  axis  and  in  the 
direction  of  the  curved  arrow,  until  the  oblique  lines  of  the 
elevation  appeared  as  horizontal  lines,  a  plan  of  such  a 
position  would  present  all  longitudinal  lines  of  the  different 
sections  in  their  true  length,  and,  further,  that  the  miter 
lines  could  be  shown  in  such  a  view  as  straight  lines.  Such 
a  plan  view  must  accordingly  be  drawn,  and  for  this  purpose 
the  view  at  {a)  is  first  constructed.  Draw  the  horizontal 
line  b'  x'  in  any  convenient  position  below  the  line  ef^  and 
make  its  length  equal  to  that  of  the  foreshortened  line  bx 
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of  the  elevation.  Make  the  angle  a'  d'  x'  in  the  view  at  {a) 
equal  to  the  similar  angle  ab  x  oi  the  elevation  and  complete 
the  rectangle  shown  by  the  dotted  lines  at  {a)  in  Fig.  19, 
from  the  four  corners  of  which  carry  vertically  upwards  pro- 
jectors of  indefinite  length ;  also  complete  the  view  of  the 
upper  section  in  its  relative  position,  as  shown  at  (^),  and 
draw  similar  projectors  from  each  corner  of  the  rectangle  in 
the  manner  shown.  It  is  now  possible  to  fix  the  position  of 
two  principal  points  of  the  desired  view;  that  is,  the  position 
of  the  point  A  on  the  horizontal  line  ef,  and  the  position  of 
the  point  B  on  the  horizontal  line  g  h.  It  is  known,  further, 
that  each  point  represents  a  position  at  the  throat  of  the 
corresponding  miter.  Again,  a  line  drawn  between  the 
points  A  and  B  will  be  a  diagonal  for  a  rectangle  whose 
altitude  is  equivalent  to  the  perpendicular  distance  between 
the  outer  projectors  drawn  from  the  view  of  the  rectangle 
at  (a) ;  that  is,  equal  to  the  dimension  ;r,  Fig.  19.  Knowing 
these  facts  and  that  the  diagonals  of  a  rectangle  intersect  at 
their  middle  points,  the  student  can  construct  the  remaining 
portions  of  the  desired  full  view  and  ascertain  the  exact 
positions  of  the  two  miter  lines.  This  result  is  accomplished 
as  follows:  Bisect  the  line  A  B^  and  from  its  middle  point 
as  a  center,  with  a  radius  equal  to  one-half  the  entire  length 
of  the  line,  describe  arcs  of  indefinite  length,  as  shown  in 
Fig.  19.  From  the  points  A  and  B^  respectively,  as  centers, 
with  a  radius  equal  to  the  length  of  the  dimension  ;r,  describe 
short  arcs  that  will  intersect  at  w  and  y  with  the  arcs 
described  from  centers  A  and  B,  Draw  By  and  produce  the 
line  until  it  intersects  the  vertical  projector  drawn  from  c'  \ 
in  like  manner,  draw  A  w  and  produce  the  line  until  it 
intersects  the  vertical  projector  drawn  from  x\  Draw  A  o 
and  B  o\  which  will  be  the  desired  miter  lines,  and  the 
remaining  oblique  lines  of  the  middle  section  may  then  be 
drawn  parallel  to  B  y  from  the  intersectionsof  the  projectors 
drawn  from  points  a'  and  d'  of  the  view  at  {a).  If  the  work 
has  been  accurate  to  this  point,  these  parallels  will  intersect 
the  miter  line. -5^'  at  the  exact  intersections  of  similar 
vertical  projectors  drawn  from  corresponding  points  of  the 
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view  at  (d).  The  projection  drawings  are  now  complete,  and 
the  patterns  for  the  different  sections  may  be  obtained  as 
shown  in  Fig.  19;  the  pattern  for  the  middle  section  is  laid 
off  on  the  stretchout  M  N  drawn  at  right  angles  to  the 
parallel  lines  of  the  oblique  section,  and  for  the  remaining 
sections  as  shown  in  the  illustration  at  M'  N'  and  M"  N', 
The  distances  for  these  stretchouts  are  obtained  from  either 
of  the  views  shown  at  {a)  or  (b),  or  from  the  views  of  the 
rectangles  shown  in  the  elevation.  If  desired,  the  projection 
from  the  full  view  to  the  plan  may  be  drawn,  although  this 
part  of  the  work  is  not  necessarily  involved  in  the  production 
of  the  pattern.  The  curves  for  the  end  of  the  lower  section 
nearer  the  furnace  casing  may  be  obtained  by  describing  arcs, 
as  shown,  with  radii  equal  to  that  of  the  casing;  their 
respective  centers  are  thus  located  at/  and  ^,  and  arcs  that 
define  the  pattern  outlines  may  then  be  described  directly 
on  the  development,  as  shown  in  Fig.  19. 


PROBLEM  60. 

12.    To  develop  the  patterns  of  a  sphere,  or  ball. 

Explanation. — The  construction  of  the  patterns  for 
these  forms  comes  under  the  general  heading  Approximate 
Developments,  to  which  the  student's  attention  has  been 
directed  in  Development  of  Surfaces.  The  underlying  princi- 
ples of  the  methods  used  have  already  been  explained,  and 
in  this  problem  it  is  desired  merely  to  call  attention  to  some 
of  the  practical  shop  methods  used  for  special  cases.  The 
metal  worker  seldom  has  occasion  to  develop  the  patterns 
for  small  spheres  made  of  the  thinner  gauges  of  metal,  for 
the  reason  that  spun  hemispheres,  or  half  balls,  may  now  be 
obtained  in  almost  any  desired  metal  and  at  a  cost  that 
renders  the  hand-made  article  prohibitive.  The  patterns 
for  spun  work,  or  as  the  metal  spinner  terms  them,  the  flat 
blanks,  are  circular  disks  of  metal  that  should  contain,  theo- 
retically, the  same  area  as  the  finished  form,  but  since 
in   actual   practice   it   is   found   that   the   metal    stretches 
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considerably  during  the  process  of  spinning,  it  is  customary 
for  the  spinner  to  determine  the  size  of  his  blanks  by 
actual  trial.  Besides,  it  is  found  that  different  metals 
stretch  unequally.  Therefore,  no  general  rule  can  be 
given,  other  than  to  make  the  trial  blank  of  such  size  as 
should  be  used  theoretically  and  to  determine  the  exact 
size  after  trial. 

In  order  that  the  student  may  understand  more  fully  the 
manner  of  laying  off  the  patterns  for  the  zones  of  a  sphere, 
and  that  he  may  be  enabled  to  provide  for  the  amount  of 
stock  required,  as  well  as  the  customary  allowances  for  this 
class  of  work,  the  actual  shop  methods  for  the  development 
of  the  sections  are  shown  in  this  problem.  The  construc- 
tion drawings  are  made  to  a  scale  of  3  inches  to  the  foot,  and 
it  is  assumed  that  patterns  are  required  for  a  ball  20  inches 
in  diameter. 

Construction. — To  represent  an  elevation  of  the  ball, 
describe  the  circle  shown  in  Fig.  20,  and  draw  the  vertical 
center  line  that  is  to  be  extended  upwards  indefinitely.  The 
first  step  consists  in  determining  the  number  of  zones  that 
are  to  make  up  the  surface  of  the  ball;  since  this  is  a  matter 
more  for  the  consideration  of  the  workman  and  is  governed 
by  the  appliances  at  hand  for  the  raising  process,  no  reasons 
will  be  given  here  for  the  manner  in  which  the  zones  will  be 
defined.  As  has  been  shown  in  Development  of  Surfaces^ 
the  pattern  for  the  middle  zone  consists  of  a  straight  strip 
of  metal  whose  length  equals  the  circumference  of  the 
sphere.  To  this  distance  is  added,  in  all  cases  where  heavy 
metal  is  used,  an  amount  similar  to  that  allowed  for  cylin- 
ders, as  previously  explained.  In  this  particular  case,  the 
width  of  this  segment  may  be  conveniently  taken  as  4  inches ; 
set  the  dividers  to  a  distance  of  1  inch,  and,  having  drawn 
the  horizontal  center  line  shown  in  Fig.  20,  step  off  two 
spaces  on  the  outline  of  the  circle  in  both  directions  from  a. 
No  attention  is  paid  to  the  lower  half  of  the  ball,  since  the 
patterns  for  the  upper  half  will  serve,  also,  for  the  lower 
half.  From  the  point  b.  Fig.  20,  draw  a  horizontal  line 
across  the  surface  of  the  elevation,  thus  defining  the  lower 
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boundary  of  the  second  zone.  It  may  be  assumed  that  a 
width  of  6  inches  is  desired  for  the  pattern  of  this  zone. 
Six  spaces  on  the  outline  of  the  ball  are  accordingly  stepped 
off  with  the  dividers,  as  shown  in  the  illustration;  and  from 


the  upper  point  thus  determined  at  c,  another  horizontal 
line  is  drawn  across  the  elevation.  Draw  the  chord  dc^  and 
erect  a  perpendicular  to  it  from  the  middle  point  on  the 
arc  be.    Through  the  middle  point  of  this  perpendicular  and 
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parallel  to  the  line  be,  draw  a  line  of  indefinite  length, 
producing  this  line  until  it  intersects  the  vertical  cen- 
ter line  at  the  point  o.  On  this  oblique  line,  both  above 
and  below  the  perpendicular  at  e,  a  similar  number  of 
spaces  are  stepped  off  as  are  shown  on  the  arc  of  the 
circle;  the  points  b'  and  c'  are  thus  located,  and  the  pat- 
tern for  the  frustum  may  then  be  laid  off  with  radii  o  b* 
and  0  c\  as  shown  in  Fig.  20.  The  length  of  the  arc 
described  with  the  outer  radius  is  determined  by  ascer- 
taining the  length  of  the  circumference  described  with 
the  radius  b  x  and  then  making  the  arc  of  corresponding 
length.  As  shown  by  the  outer  arc,  indicated  by  the 
light  line  in  Fig.  20,  an  amount  for  lap  and  for  thick- 
ness of  material  must  then  be  added  to  the  pattern.  The 
pattern  for  another  zone  is  shown  in  Fig.  20,  but  the 
method  of  development  being  the  same  as  that  already 
described,  no  further  description  is  necessary.  The  upper 
zone,  also,  is  shown  in  the  illustration  as  being  formed 
of  a  single  circular  disk  of  metal.  These  pieces  are  then 
subjected  to  the  raising  process,  and  the  desired  curve  is 
obtained  by  careful  hammering,  with  frequent  applications 
of  profiles  or  stays. 

When  spheres  are  to  be  constructed  of  a  heavy  gauge  of 
any  ductile  metal,  as  copper,  it  is  customary  to  raise  or 
hammer  the  desired  shape  out  of  a  single  piece  of  metal; 
or,  if  the  ball  is  of  large  size,  as  in  the  case  of  work  for 
breweries  or  for  distilling  apparatus,  the  hemisphere  is 
sometimes  made  up  of  four  pieces,  called  srores.  A  rule  of 
thumb,  by  means  of  which  comparatively  accurate  results 
may  be  obtained,  is  shown  in  Fig.  21.  Since  the  distortion 
of  the  metal  caused  by  the  raising  process  varies  so  much 
with  the  thickness  and  quality  of  the  material,  no  accurate 
means  can  be  indicated  for  determining  such  patterns.  On 
this  account,  the  method  shown  in  Fig.  21  is  perhaps  to  be 
recommended  as  best  adapted  for  all  metals  whose  ductility 
approaches  that  of  copper.  The  circle  that  represents  the 
elevation  of  the  ball  is  first  described,  and  is  then  divided 
by  vertical  and  horizontal  diameters  into  quadrants.      Draw 
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the  oblique  line  ^  ^  as  shown,  and  from  its  middle  point 
erect  a  perpendicular  c  d.  Bisect  this  perpendicular,  and 
draw  a  line  parallel  to  ^  ^  through  the  point  x.  With  the 
point  ;ir  as  a  center  and  with  a  radius  equal  to  the  dis- 
tance between  the  points  x  and  ^,  describe  arcs  from 
a  and  b  that  will  intersect  the  line  drawn  through  the 
point  X.     The  length  of  this   line  is  now   to  be  taken  as 

the  length  of  one  of 
the  sides  of  an  equi- 
lateral triangle,  which 
is  const  ructedas 
shown  at  (a).  Fig.  21. 
The  outer  curves  are 
obtained  by  describ- 
ing short  arcs  at  /,  q^ 
and  r  from  centers 
located  at  the  ver- 
texes  of  the  angles  of 
the  triangle,  and  with 
a  uniform  radius  equal 
to  the  diameter  of  the 
required  sphere;  with 
the  same  radius  and 
with  the  points  /,  ^, 
and  r  as  centers,  the 
curves  shown  in  the 
illustration  are  then 
described.  If  it  is  de- 
sired to  allow  for  lap, 
arcs  are  described 
from  the  same  cen- 
jy  f     ters,  but  with  a  longer 

radius,  as  shown  by 
the  outer  light  lines 
at  (^),  and  the  metal  is  cut  out  along  these  lines.  The 
amount  of  lap  necessary  can  be  determined  only  by  trial, 
but  a  workman  constantly  engaged  in  this  class  of  work 
will  soon  become  proficient  in  determining  this  amount. 


P 


Fig.  21. 
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PROBLKM  51. 

13.     To  develop  the  patterns  of  a  spirit  still. 

Explanation. — Spirit  stills  are  usually  made  of  heavy 
sheet  copper,  and  are  of  such  a  form  that  the  main  body  of 
the  article  resembles  an  oblate  spheroid.  A  portion  of  the 
bottom  of  the  still  is  bulged 
inwards,  possibly  with  a 
view  of  promoting  the  cir- 
culation of  the  contents, 
and  also  to  add  strength 
to  the  apparatus.  The 
opening  at  the  top,  as 
shown  in  the  perspective 
view  given  in  Fig.  22,  is 
through  a  narrow  neck  that 
widens  in  a  gradual  curve 
until  it  meets  the  lower 
base  of  an  elongated  conic 
frustum.  An  expansion  of 
the  vapors,  with  a  conse- 
quent amount  of  cooling,  takes  place  within  the  walls  of 
this  frustum,  so  that,  when  the  vapors  pass  through  the 
rectifiers  at  a  and  reach  the  cooling  worm  shown  at  b,  at 
the  right  of  the  illustration  in  Fig.  23,  they  are  more 
readily  condensed. 

Just  why  the  particular  form  of  the  oblate  spheroid  has 
been  selected  by  distillers  of  spirits  is  not  readily  apparent, 
but  for  some  reason  it  seems  to  have  been  quite  generally 
adopted;  and  while  different  makers  occasionally  depart 
from  the  exact  lines  on  which  the  still  shown  in  this  prob- 
lem is  constructed,  the  one  here  described  may  be  taken 
as  a  fair  example  of  what  this  class  of  work  demands. 
Strictly  speaking,  the  still  consists  of  the  boiler,  as  many 
rectifiers  as  the  distiller  desires  interposed  between  the 
boiler  and  the  worm,  and  the  worm  itself;  but  the  copper- 
smith usually  refers  only  to  the  boiler  when  mention  is 
made  of  a  still,  the  term  distilling  apparatus  being  used 
to  designate  the  entire  system  of  construction. 


Fig.  2S. 
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Since  the  metal  worker  is  usually  given  but  one  dimen- 
sion, besides  the  capacity  of  the  still,  when  he  is  required  to 
produce  this  article,  he  must  make  his  own  calculations  in 
reference  thereto.  In  this  problem  a  different  method  will 
be  pursued — the  dimensions  will  first  be  given  and  the  pat- 
terns for  the  still  developed  in  accordance  with  such  figures; 
afterwards  the  student  will  be  shown  how  to  apply  the  rules 
for  finding  the  capacity.  Let  it  be  required  to  make  the 
drawings  and  the  patterns  for  a  still  whose  diameter  is 


Fig.  88. 

5  feet  4  inches  and  whose  height  is  2  feet  8  inches;  that  is, 
these  dimensions  are  assumed  to  apply  to  the  entire  spheroid 
that  composes  the  body  of  the  still.  It  may  be  further 
assumed  that  the  bottom  will  bulge  along  a  horizontal  line 
4  inches  above  the  lower  edge  of  the  spheroid.  Just  what  is 
meant  by  this  will  appear  during  the  construction  of  the  pro- 
jection drawings.  The  dimensions  for  the  opening  and  for  the 
conic  condenser  will  also  be  given  as  the  drawing  progresses. 

Construction. — Since  the  body  of  the  still  is  an  oblate 
spheroid,  an  elevation  of  the  same  will  be  represented  by 
an  ellipse  whose  major  axis  corresponds  in  length  to  the 
diameter  of  the  body,  and  whose  minor  axis  equals  the 
height  of  the  body.  The  major  axis  will  be  shown  along  a 
horizontal  line,  and  accordingly  the  ellipse  may  be  drawn  as 
shown  in  Fig.  24.  Since  an  ellipse  constructed  by  circular 
arcs  will  serve  all  practical  purposes,  the  solid  represented 
in   Fig.  24  may  be  drawn   in  this  way  and  to  a  scale  of 
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1^  inches  to  the  foot.  The  vertical  and  horizontal  center 
lines  should  first  be  drawn,  and  the  former  should  be  ex- 
tended indefinitely  both  above  and  below  the  figure.  After 
the  curve  has  been  defined,  the  horizontal  line  ad  is  to  be 
drawn  4  inches  above  the  lower  extremity  of  the  ellipse; 
and  with  the  same  radius  as  that  used   for  the  portion  of 


Fig.  24. 
the  curve  below  the  line  ab^  with  a  center  on  the  vertical 
center  line,  the  curve  ^j!;r^  is  described.  The  curve  at  the 
opening,  or  the  neck,  as  it  is  called,  of  the  still,  is  described 
with  a  radius  of  4  inches,  and  in  such  manner  that  the 
clear  opening  will  be  6  inches  in  diameter.  These  curves, 
or  arcs,  should  be  described  in  such  manner  that  they  will 
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be  tangent  to  the  lines  of  the  ellipse.  The  frustum  that 
forms  the  condenser  for  the  still  is  to  measure  14  inches  in 
diameter  at  the  bottom,  6  inches  at  the  top,  and  26  inches 
in  vertical  height.  In  this  problem,  no  attention  will  be 
paid  to  the  remaining  portions  of  the  distilling  apparatus, 
since  the  student  will  be  able  to  understand,  from  the  de- 
scriptions here  given,  the  manner  in  which  the  patterns  for 
the  other  parts  may  be  developed. 

The  patterns  for  the  still  are  developed  in  precisely  the 
manner  described  for  the  ball  in  the  preceding  problem; 
that  is,  after  the  mechanic  has  determined,  from  the  widths 
of  metal  at  his  command,  just  what  sizes  are  most  desirable 
for  the  patterns,  he  divides  the  surface  of  the  spheroid  and 
of  the  other  parts  of  the  still  into  as  many  segments  as  he 
desires,  and  proceeds  to  develop  the  patterns  for  each  seg- 
ment by  the  usual  radial  process.  A  convenient  method  of 
division  is  indicated  in  Fig.  24  by  the  horizontal  lines  that 
start  from  the  points  indicated  by  capital  letters.  Thus, 
the  segment  at  the  top  between  the  letters  A  and  B  is  de- 
veloped, as  shown  at  (^),  along  a  frustum  whose  vertex  is 
at  the  point  o  in  the  elevation;  the  segment  next  below,  be- 
tween B  and  C\  is  developed  in  a  similar  manner  from  radii 
whose  lengths  are  measured  from  the  point  o'.  The  illus- 
tration shows  that  the  segment  between  the  letters  is  and /'" 
may  be  formed  from  a  straight  piece  of  metal,  as  in  the  case 
of  the  middle  segment  of  the  ball  in  the  preceding  problem. 
After  these  pieces  have  been  cut  from  the  sheet  metal,  they 
are  raised,  or  hammered,  into  shape,  and  are  afterwards  as- 
sembled in  accordance  with  the  form  shown  in  the  elevation. 
As  will  be  seen  from  the  drawing  in  Fig.  24,  the  patterns 
for  the  pieces  that  compose  the  bulge  at  the  bottom  are  ob- 
tained either  from  the  original  outline  of  the  ellipse  or  from 
the  broken  line  that  indicates  the  actual  outline  of  the  metal. 
Since  the  operation  has  been  fully  described  in  the  preceding 
problem,  it  is  unnecessary  for  additional  constructions  to  be 
made — the  construction  shown  at  {a)  being  merely  dupli- 
cated in  accordance  with  the  different  radii  for  the  several 
segments. 
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Capacity. — To  ascertain  the  capacity  of  a  vessel  of  this 
shape  is  a  comparatively  simple  problem,  provided  the  stu- 
dent refers  to  the  rules  for  Mensuration  given  in  Arith- 
metic. There  it  is  stated  that  tlie  volume  of  a  spheroid  is 
two-thirds  that  of  the  circumscribing  cylinder;  in  other 
words,  it  is  necessary  merely  to  find  the  volilme  of  a  cylin- 
der whose  diameter  is  the  same  as  that  of  the  spheroid  and 
whose  height  is  equal  to  that  of  the  spheroid.  Reducing, 
therefore,  the  diameter  to  inches,  5  feet  4  inches  =  64  inches. 
From  the  table  of  Areas,  it  is  found  that  a  circle  64  inches  in 
diameter  contains  3,217  square  inches.  Then,  3,217  X  32 
(the  height  in  inches  of  the  spheroid)  =102,944  cubic  inches, 
or  the  volume  of  the  circumscribing  cylinder.  Two-thirds 
of  this,  or  68, 629. 33  cubic  inches,  is  the  volume  of  the  entire 
spheroid.  Now,  on  account  of  the  bulge  in  the  bottom  of 
the  still,  it  is  seen  that  an  amount  must  be  deducted  from 
this  volume  equal  to  that  of  the  two  spherical  segments 
defined  in  the  elevation.  The  volume  of  these  spherical 
segments  may  be  readily  found  by  means  of  the  prismoidal 
formula,  but  before  this  formula  can  be  applied,  the  area  of 
what  is  termed  the  mid-section  must  be  ascertained.  In  the 
case  of  the  spherical  segment,  the  mid-section,  of  course, 
will  be  a  circle  whose  diameter  is  represented  by  a  horizon- 
tal line  drawn  midway  between  the  upper*  and  lower  bases 
of  one  of  the  segments.  The  lower  segment  in  Fig.  24  may 
be  used  for  this  calculation,  and  a  line  that  terminates  at 
each  extremity  of  the  dotted  curve  line  is  drawn  through 
the  point  _;',  as  shown.  On  measuring  the  line  ^  ^  as  accu- 
rately as  possible,  it  is  found  to  scale,  approximately, 
3  feet  4  inches,  and  the  line  drawn  through  y  to  scale, 
approximately,  2  feet  4f  inches.  Reducing  these  dimen- 
sions to  inches  and  applying  the  prismoidal  formula,  we 
have 

Area  of  circle  whose  diameter  is  40  inches  =-1,256.64 
To  which  is  to  be  added   four  times  the 

area  of  the  mid-section,  or  4  X  640.182  =  2,596.73 


Total 3,853.37 
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Then,  3,853.37  multiplied  by  4,  the  number  of  inches  in 

the  height  of  the  segment,  equals  15,413.48,  which  divided 

by   6,    in  accordance  with  the  formula,  gives  as   a  result 

2,568. 91,  which  is  the  number  of  cubic  inches  in  the  volume  of 

the  segment.     This  result  must,  in  turn,  be  multiplied  by  2, 

since  there  are  two  segments,    or  2,568.91  X  2  =  5,137.82. 

Then,  68,629.33  -  5,137.82  =  63.491.51;  and  dividing  by  231, 

the  number  of  cubic  inches  in  a  gallon,  the  result  274.9  is 

obtained.     The  still  will,  therefore,  have  a  capacity  of  274.9 

gallons. 

Note. — In  accordance  with  the  prismoidal  formula,  the  area  of  the 
top  section  should  also  be  included  in  this  calculation,  but  in  this  case, 
the  solid  is  of  such  shape  that  the  top  section  equals  0. 


PROBL.£M  52. 

14.     To  develop  the  patterns  for  a  brewing:  kettle. 

Explanation. — Fig.  25  shows  a  perspective  view  of  a  par- 
ticular form  of  brewing  kettle.     Such  kettles  are  made  in  a 

variety  of  shapes  to  suit  the 
conditions  and  construc- 
tions best  adapted  to  the 
requirements  of  particular 
breweries.  In  their  con- 
struction the  coppersmith 
has  to  use  many  special 
devices  in  order  to  handle, 
without  denting,  the  large 
sheets  of  heavy  metal  from 
which  they  are  made.  In- 
deed, the  brewing  kettles  in 
the  ordinary  city  brewery 
would  cause  the  country- 
bred  sheet-metal  worker  to 
open  his  eyes  in  wonder- 
ment as  to  what  method 
could  have  been  employed 
to  erect  the  work  in  posi- 
YiG.  25.  tion.     Such    large   kettles 
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are  frequently  sent  out  from  the  shop  in  sections,  and  are 
pat  together  only  when  the  masonry  or  woodwork  sur- 
rounding them  is  in  final  position.  Oftentimes  the  kettle 
consists  of  a  hemispherical  base  of  heavy  copper,  with 
straight  cylindrical  sides  of  lighter  material.  The  patterns 
for  such  shapes,  together  with  the  method  of  ascertaining 
the  contents  of  the  vessel,  will  be  apparent  from  the  pre- 
ceding problems. 

This  particular  problem  represents  a  kettle  whose  lower 
section  is  in  the  form  of  a  paraboloid ;  its  greatest  diameter 
may  be  taken  as  8  feet  and  the  height  of  the  lower  section 
as  6  feet.  The  upper  section  is  formed  by  an  inverted  cone, 
whos«  convex  surface  is  rounded  at  the  upper  and  lower 
extremities  in  accordance  with  dimensions  that  will  be 
given  during  the  construction  of  the  projection  drawings. 
The  opening  at  the  top  is  through  an  18-inch  pipe  having  a 
square  bend,  or  elbow,  that  carries  off  the  vapors  from  the 
liquid.  These  drawings  are  to  be  made  to  a  scale  of  ^  inch 
to  the  foot,  and,  as  in  the  preceding  problem,  after  comple- 
ting the  projections  and  defining  the  segments  that  make  up 
the  body  of  the  kettle,  no  further  attention  will  be  paid  to 
the  development  of  the  patterns,  since  the  process  is  the 
same  as  that  already  explained.  In  this  case,  however,  the 
method  of  producing  elbow  patterns  used  by  the  copper- 
smith will  be  explained  at  some  length,  since  it  differs 
materially  from  that  used  by  other  she^t-metal  workers. 
The  question  of  capacity,  also,  is  an  interesting  one,  and 
deserves  some  attention  in  this  problem. 

Construction. — The  instructions  for  drawing  a  parabola 
of  given  dimensions  were  given  in  Geometrical  Drawings 
and  the  lower  portion  of  the  elevation  of  the  brewing  kettle, 
as  shown  in  Fig.  26,  is  to  be  constructed  in  accordance  with 
such  directions.  The  outline  of  the  upper  section,  or  dome, 
of  the  kettle  is  determined  by  first  drawing  the  line  c  d  par- 
allel to  ^^^  and  3  feet  3  inches  above  the  latter;  the  lower 
curve  is  then  described,  with  a  radius  of  18  inches,  from 
centers  located  on  the  line  ab\  and  the  upper  curve,  with  a 
radius  of  15  inches,  from  centers  located  on  the  line  cd. 
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Before  drawing  the  curve  for  the  upper  portion,  the  width 
of  the  opening  should  be  laid  off  on  the  line  cd^  as  shown  in 
Fig.  26,  and  after  the  curves  have  been  defined,  the  straight 


part  of  the  top  is  drawn  tangent  to  the  arcs.  Above  the 
line  cd,  2i  vertical  pipe,  whose  diameter  is  the  same  as  that 
of   the  opening,  is   carried   an  indefinite   distance    and    is 
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topped  with  a  square  elbow,  whose  outlines  are  determined 
by  quadrants  described  with  radii  from  a  common  center 
located  9  inches  to  the  left  of  the  outer  line.  Flange  unions, 
as  at  ^  and  B\  are  often  used  to  connect  such  fittings  and 
are  formed  by  laying  off  flanges  in  the  way  well  known  to 
the  coppersmith;  or,  in  some  instances,  they  are  made  of 
separate  pieces  of  metal,  to  which  the  fittings  are  brazed. 
As  indicated  by  the  dotted  horizontal  lines  drawn  to  the 
center  line,  the  surface  of  the  kettle  is  next  divided  into 
segments  of  convenient  width  that  are  developed  by  the 
methods  described  in  former  problems. 

The  method  of  obtaining  the  pattern  for  the  elbow  at  the 
top  of  the  kettle  is  shown  in  the  drawing  at  {a).  In  this 
view,  the  vertical  line  efis  first  drawn  of  indefinite  length, 
and  the  circle  that  represents  a  section  of  the  elbow  open- 
ing is  then  described  at  such  a  distance  to  one  side  of  this 
line  as  may  be  determined  by  the  length  of  the  inner  radius 
shown  in  the  elevation ;  that  is,  the  perpendicular  distance 
of  the  point  1  from  the  vertical  line  ef  is  equal  to  the  length 
of  the  radius  used  for  describing  the  throat  of  the  elbow  in 
the  elevation.  It  is  customary  for  coppersmiths  to  make 
such  elbows  of  four  pieces  and  to  have  the  seams  run  in  a 
longitudinal  direction  along  the  elbow.  Accordingly,  the 
circle  shown  at  {a)  is  divided  by  horizontal  and  vertical 
diameters,  in  order  to  locate  the  points  i,  ^,  5,  and  4.  The 
segments  between  points  1  and  ^,  and  between  2  and  5,  are 
then  treated  in  the  same  manner  as  was  the  surface  of  the 
sphere  in  Problem  50;  that  is,  oblique  lines  are  drawn  to 
the  vertical  ^/through  the  mean  curvature,  and  the  lengths 
of  these  oblique  lines  then  determine  the  lengths  of  the 
radii  used  for  the  development  of  the  patterns.  The  devel- 
opment of  the  patterns  is  shown  at  (b)  and  {c)\  and,  since 
corresponding  positions  are  similarly  designated  in  the  dif- 
ferent views,  the  student  will  have  no  difficulty  in  under- 
standing exactly  what  is  implied  in  the  drawings.  It  will 
be  noted  that  two  pieces  similar  to  the  pattern  at  {b)  and 
also  two  pieces  similar  to  that  shown  at  {c)  will  be  required 
for  the  elbow. 
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Capacity. — The  capacity  of  such  kettles  is  usually  deter- 
mined by  the  volume  contained  in  the  lower  section,  and  no 
attention  is  paid  to  the  upper  section.  Since  it  is  true  that 
the  volume  of  a  paraboloid  is  exactly  one-half  that  of  the 
circumscribing  cylinder,  the  capacity  of  the  kettle  shown  in 
Fig.  26  may  be  readily  ascertained. 

In  order  to  find  the.  contents  in  gallons,  the  dimensions 
may  be  conveniently  reduced  to  inches  and  the  operations 
carried  on  in  accordance  with  the  principles  now  familiar  to 
the  student.  The  diameter  of  the  kettle  being  8  feet,  or 
96  inches,  it  is  found,  by  the  aid  of  the  table  of  Areas,  that 
the  area  of  a  circle  96  inches  in  diameter  is  7,238.25  square 
inches;  multiplying  this  sum  by  72,  the  height  of  the  parab- 
ola in  inches,  the  cubical  contents  of  a  circumscribing 
cylinder  is  found  to  be  521,154  cubic  inches.  This,  in  turn, 
being  divided  by  231,  the  number  of  cubic  inches  in  1  gallon, 
gives  2,256+.  Since  the  volume  of  the  circumscribing 
cylinder  is  thus  found  to  be  2,256  gallons,  the  volume  of  the 
paraboloid,  or  the  lower  portion  of  the  brewing  kettle,  is 
one-half  of  this  amount,  or  1,128  gallons. 

The  student  is  thus  enabled  to  arrive  at  a  definite  con- 
clusion with  respect  to  the  capacity  of  this  solid  and  with- 
out having  to  use  a  long  or  complicated  formula.  If  the 
relation  of  the  different  parts  of  a  complicated  form  are 
thus  referred  to  the  cylinder  or  to  some  other  form  whose 
volume  may  be  readily  calculated,  tedious  operations  and 
calculations  will  often  be  avoided. 


PROBLBM  58. 

16.  To  develop  the  patterns  for  a  pump  eoini>res- 
slon  chamber. 

Explanation. — The  development  of  the  patterns  for  this 
article  is  accomplished  by  the  usual  process  applied  to  the 
radial  solids,  but  since  the  copperworker,  in  his  methods  of 
construction,  apparently  overcomes  what  has  heretofore 
been  considered  a  fundamental  law  in  regard  to  these  solids, 
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it  is  proposed  to  give  a  brief  description  of  the  means  used 
in  reaching  the  desired  end.  A  perspective  view  of  the 
pump  chamber  is  shown  in  Fig.  27,  and  from  the  illustra- 
tion it  would  appear  that  the  development  of  the  patterns 
required  would  in  no  wise  differ  from  work  that  has  already 
been  shown.  As  a  matter  of  fact,  how- 
ever, the  pump  chamber,  as  usually  con- 
structed, is  formed  of  but  two  pieces; 
the  entire  lower  portion  of  the  body  is 
of  one  piece;  and,  as  may  be  seen  from 
the  chamber  at  Fig.  29  (^),  the  flattened 
portion  of  the  top  forms  the  remaining 
piece — the  annular  seam  shown  in  the 
illustration  defining  the  boundary  be- 
tween the  two  pieces  of  metal.  These 
articles  are  usually  made  of  heavy  sheet 
copper;  this  being  a  very  ductile  metal, 
the  worker  is,  therefore,  enabled  to  ham- 
mer out  almost  inconceivable  shapes 
from  a  single  piece  of  metal,  and  in  this 
maimer  accomplishes  results  that  are  sometimes  apparently 
at  variance  with  the  usual  results  obtained  by  the  pattern- 
cutter.  The  drawings  for  this  problem  may  be  constructed 
to  a  scale  of  3  inches  to  the  foot,  and  the  dimensions  for  the 
projection  drawings  shown  in  Fig.  28  are  given  in  the  fol- 
lowing construction: 

Construction. — Draw  the  vertical  center  line  ^  B,  Fig.  28, 
and  at  a  convenient  distance  above  the  point  B  draw  the 
horizontal  line  c  d\  make  this  line  5  inches  long,  and  ^:^  the 
points  c  and  d^  each  2^^  inches  from  the  center  line.  With  a 
radius  of  \\  inches  and  with  the  points  c  and  d  as  centers, 
describe  arcs  as  shown. 

Next,  draw  the  line  ^/perpendicular  to  A  ^and  12  inches 
above  c  d\  fix  the  points  e  and  f  4  inches  apart — that  is, 
2  inches  on  either  side  of  the  center  line — and  with  these 
points  as  centers,  describe  arcs  of  indefinite  length  with  a 
radius  of  2^^^  inches.  In  the  manner  shown  in  Fig.  28,  define 
the  lateral  outlines  of  the  pump  chamber  with  oblique  lines 


Fig.  27. 
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tangent  to  the  arcs;  and  with  a  radius  of  10  inches  from  a 
center  located  on  the  center  line,  describe  a  short  arc  at  the 
upper  portion  of  the  figure  that  will  be  tangent  to  the  arcs 
described  from  the  points  e  and  /.  The  projection  drawing 
is  now  complete,  and  the  patterns  are  to  be  obtained  in  the 
following  manner: 

Fix  the  point  1  at  the  upper  extremity  of  one  of  the 
straight  sides,  and  step  off  a  few  short  spaces  with  the  divi- 
ders, as  shown  by  the  points  i,  ^,  S^  4y  ^,  and  6,  continuing 
them  along  the  outline  to  the  point  where  it  is^  desired  to 
locate  the  seam.  The  straight  side  is  next  produced 
obliquely  upwards,  as  shown  in  Fig.  28,  and  a  similar  num- 
ber of  equal  spaces  noted  along  its  length.  This  process  is 
also  followed  at  the  lower  portion  of  the  elevation,  as  shown, 
and  the  straight  side  is  then  produced  until  it  intersects  the 
vertical  center  line.  The  pattern  is  then  laid  off  by  means 
of  arcs  described  from  -ff  as  a  center  and  with  the  radii  Bo 
and  B6\  In  order  to  ascertain  the  length  of  the  arcs  thus 
described,  a  circle  whose  radius  is  equal  to  the  perpendicu- 
lar distance  between  the  point  1  and  the  center  line  is  de- 
scribed in  the  manner  shown,  and  its  outline  spaced  off  by 
points  located  at  equal  distances  from  one  another.  Another 
arc  is  then  described  from  the  point  ^  as  a  center,  with  a 
radius  B 1,  and  the  required  number  of  spaces  marked  off  on 
its  outline,  as  shown  in  the  view  at  (a).  While  a  pattern  of 
this  form  would  be  of  comparatively  little  use  to  the  ordinary 
sheet-metal  worker,  the  coppersmith  is  able,  by  a  method 
that  involves  first  wrinkling,  or  crimping,  the  outer  edge  of 
the  metal,  and  second,  patient  hammering  and  working  of 
the  metal,  to  produce  the  shape  called  for  by  the  projection 
drawings.  While  it  is  not  the  purpose  of  this  Course  to 
attempt  to  describe  the  various  shop  processes  used  in  the 
different  trades,  an  illustration  of  the  method  of  accom- 
plishing these  results  is  given  in  Fig.  29.  In  this  view,  the 
pump  chamber  is  shown  at  (a)  as  having  had  its  longitudinal 
seam  brazed  and  the  outer  edge  wrinkled  in  the  manner 
previously  described;  at  {d)  the  upper  edge  of  the  body  has 
been  hammered  into  the  required  shape  with  the  planishing 
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hammer.  By  this  means,  the  coppersmith  is  enabled  to 
avoid  a  construction  involving  the  great  number  of  separate 
pieces  of  metal  required  by  the  tinsmith  or  the  boilermaker 
for  a  similar  piece  of  work.  In  the  development  of  the  pat- 
terns for  his  work,   therefore,   the  coppersmith  may  often 


Fig.  29. 

avoid  some  of  the  lengthy  operations  that  have  been  de- 
scribed. The  top  of  the  pump  chamber  is  made  of  a  sepa- 
rate piece,  notched  in  the  manner  shown  and  brazed  into 
the  body  of  the  article.  The  curve  for  the  lower  end,  shown 
in  the  projection  drawings,  is  obtained  by  stretching  the 
metal  over  a  suitably  shaped  stake. 


PROBLEM  64. 

16.  To  develop  the  patterns  for  a  ship  ventila- 
tor— cross-seams. 

Explanation. — The  ship's  ventilator  shown  in  perspec- 
tive in  Fig.  30  is  one  of  a  type  commonly  used.  As  is  the 
case  with  nearly  every  article  made  by  the  sheet-metal 
worker,  these  ventilators  are  made  in  a  great  variety  of 
forms   and  in  proportions  to  suit  the  taste  of  the  worker 
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ilG.  30. 


or  of  the  ship  owner.  No  rule  can  be  given  to  suit  all  con- 
ditions and  requirements,  but  the  general  proportions  that 
will  be  given  for  the  construction  of 
the  projection  drawings  in  this  prob- 
lem may  be  taken  as  a  basis,  and  such 
changes  may  be  made  for  special 
cases  as  suggest  themselves  to  the 
mechanic.  These  ventilators  are 
usually  constructed  of  heavy  metal, 
since  they  must  withstand  severe 
wind  storms,  although  they  are  often 
so  erected  as  to  admit  of  being  taken 
down  when  the  ship  encounters  heavy 
weather.  The  seams  should  be 
strongly  soldered  or  brazed  together, 
and  are  oftentimes  further  strength- 
ened by  rivets.  These  matters,  how- 
ever, relate  more  to  the  actual  shop 
practice  used  and  to  the  desire  of  the  worker  to  produce 
an  article  that  will  be  durable  than  to  the  questions  involved 
in  the  development  of  the  patterns. 

As  will  be  seen  from  the  illustration  in  Fig.  30,  the  ven- 
tilator consists  merely  of  an  irregularly  flaring  elbow;  the 
cross-section  of  the  lower  opening  is  in  the  form  of  a  circle, 
while  the  outer  opening  is  defined  in  a  front  elevation  by 
an  ellipse.  The  question  as  to  how  many  pieces  will  com- 
pose the  ventilator  is  first  to  be  decided  by  the  worker — in 
this  problem  a  ventilator  made  up  of  six  sections  is  to  be 
constructed.  The  drawings  are  to  be  made  by  the  student 
to  a  scale  of  1^  inches  to  the  foot,  and  the  diameter  at  the 
bottom  will  be  assumed  to  be  12  inches.  The  remaining 
dimensions  will  be  given  during  the  construction  of  the 
projection  drawings. 

Construction. — Since  the  principal  proportions  of  the 
ventilator  may  be  shown  in  a  side  elevation,  that  view  is 
first  to  be  drawn.  Construct  the  right  angle  ABC,  Fig.  31, 
and  produce  its  sides  indefinitely  upwards  and  toward 
the  left.     In  this  case,  it  may  be  assumed  that  the  amount 
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of  overhang  will  equal  the  diameter  at  the  bottom;  accord- 
ingly, a  distance  of  12  inches  is  measured  on  the  horizontal 
from  the  vertex  B  and  the  point  x  is  located  as  shown  in 
Fig.  31.  Another  12  inches  is  then  measured  off  on  the 
same  line  from  the  point  jt,  in  order  to  locate  the  point  A, 
From  these  points,  x  SLud  A,  projectors  are  carried  to  the 
plan,  and  the  outline  of  the  circle  is  then  described  in  the 
latter  view,  as  shown. 

The  projector  from  A  may  then  be  carried  upwards  for  a 
short  distance,  and,  with  the  point  x  as  the  lower  position 
of  the  miter  line,  the  regular  line  of  intersection  for  a  six- 
pieced  round  elbow  may  be  drawn  in  the  usual  way.  Next, 
the  distance  B  w  is  measured  off  on  the  vertical  side  of  the 
right  angle  and  is  made  equal  in  length  to  one-quarter 
the  diameter.  In  the  side  elevation,  the  point  w  represents 
the  lower  extremity  of  the  elliptical  end  of  the  ventilator,  the 
point  C  represents  the  upper  extremity — the  distance  w  C 
being  equivalent  to  three  times  the  diameter  of  the  lower 
opening. 

In  order  to  define  points  on  the  upper  outline  of  the 
ventilator,  the  compasses  are  now  set  to  the  distance  %v  C, 
and  with  the  points  _;'  and  C,  respectively,  as  centers,  inter- 
secting arcs  are  described  that  fix  the  point  ^,  Fig.  31 ;  with 
the  point  ^  as  a  center  and  with  the  same  radius,  the  dotted 
arc  J  Cis  then  described,  as  shown.  The  arc  y  C  \s  next 
divided,  by  spacing  with  the  dividers,  into  five  eqUal  parts, 
and  chords  are  then  drawn  between  the  points  thus  fixed. 

The  points  on  the  lower  outline  of  the  ventilator  are  then 
spaced  in  a  similar  manner  on  an  arc  described  from  the 
point  o'  as  a  center  with  a  radius  o'  x.  The  method  of 
locating  the  point  o'  on  the  line  A  B  is  fully  shown  in  Fig.  31 ; 
intersecting  arcs  are  first  described  from  the  points  x  and 
IV  as  centers,  with  a  radius  slightly  longer  than  one-half 
the  perpendicular  distance  between  the  points  x  and  w\ 
the  point  o'  is  then  located  at  the  intersection  of  the  bi- 
sector with  the  line  A  B.  As  in  the  case  of  the  upper 
outline  of  the  ventilator,  chords  are  next  drawn  between 
the  points  located  on  the  outline  of  the  arc.     Lines  that 
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define  the  different  sections  of  the  ventilator  may  now  be 
drawn  across  the  side  elevation  between  the  corresponding 
points  of  each  arc;  that  is,  draw  ab^  c d^  ef^  etc.  as  shown 
in  Fig.  31.  A  portion  of  the  front  elevation  must  now  be 
drawn,  in  order  that  certain  necessary  dimensions  may  be 
ascertained.  This  view,  if  the  directions  given  in  Practical 
Projection  are  carefully  observed,  should  be  drawn  toward 
the  left  of  the  plan,  but  for  convenience  and  to  save  time 
by  avoiding  the  drawing  of  unnecessary  projectors,  it  may  be 
placed  to  the  right  of  the  side  elevation,  as  shown  in  Fig.3L 
In  any  convenient  position  to  the  right  of  the  side  eleva- 
tion, therefore,  draw  the  horizontal  and  vertical  center 
lines,  taking  care  that  the  horizontal  center  line  is  drawn, 
or  rather  projected,  from  a  point  midway  between  w  and  C. 
Since  it  is  customary  to  make  the  ellipse  at  the  opening  of 
the  ventilator  of  such  proportions  that  the  minor  axis  is 
equal  in  length  to  two-thirds  that  of  the  major  axis, the  ellipse 
shown  in  the  front  elevation  may  be  constructed  in  accord- 
ance with  these  dimensions,  and,  to  save  time,  may  be 
drawn  by  circular  arcs.  The  circle  in  Fig.  31  below  the 
front  elevation  may  then  be  described  with  a  radius  equal 
to  that  used  for  the  plan,  and  from  the  extreme  right  and 
left  extensions  of  its  horizontal  diameter,  projectors  are  to 
be  carried  indefinitely  upwards;  these  projectors  are  next 
intersected  by  a  horizontal  projector  drawn  from  a  point 
midway  on  the  line  xy  of  the  side  elevation,  as  in  Fig.  31. 
The  horizontal  projector  last  drawn  should  be  carried  some 
distance  beyond  the  right-hand  side  of  the  front  elevation, 
for  the  center  from  which  will  be  described  those  arcs  that 
form  the  lateral  ^ides  of  the  ventilator  is  to  be  located  on 
this  line.  To  determine  the  location  of  these  centers,  arcs 
having  a  radius  slightly  more  than  one-half  the  perpendicu- 
lar distance  between  D  and  E  are  first  described  from  these 
two  points;  and,  as  shown  in  Fig.  31,  the  bisector  drawn 
through  the  points  of  intersection  of  the  arcs  is  produced 
until  it  intersects  the  horizontal  projector  in  the  point  o" . 
From  the  point  t?'' as  a  center  and  with  a  radius  equal  to 
the   distance   o'  D^    the   2ivc  D E  is   then    described;    this 
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operation  is  shown  only  on  the  right-hand  side  of  the  front 
elevation  in  Fig.  31,  but  the  student  will  readily  see  that  in 
order  to  produce  the  entire  view,  the  same  methods  must 
be  pursued  on  the  left-hand  side  of  the  figure.  In  the  act- 
ual practice  of  the  workshop,  however,  the  draftsman  sel- 
dom draws  more  than  one-half  of  such  symmetrical  figures, 
since  all  necessary  measurements  may  be  obtained  as  read- 
ily from  such  views  as  from  the  full  figure. 

The  next  step  consists  in  bisecting  each  of  the  miter 
lines  shown  in  the  side  elevation  and  in  projecting  their 
middle  points  across  the  surface  of  the  front  elevation. 
The  reasons  for  this  work  should  now  be  apparent  to  the 
student,  for  it  will  be  seen  that  a  full  sectional  view  of  each 
of  the  miter  lines  shown  in  the  side  elevation  may  be  con- 
sidered as  an  ellipse  whose  major  axis  is  represented  by  the 
length  of  the  corresponding  miter  line  in  that  view.  The 
respective  minor  axis  is  represented  in  the  front  elevation 
by  a  portion  of  the  horizontal  line  drawn  from  the  center  of 
the  major  axis;  that  is,  as  much  of  the  line  as  is  included 
between  the  arc  E  D  and  the  corresponding  left-hand  arc. 
With  this  information,  the  construction  of  the  different 
patterns  for  the  sections  of  the  ventilator  is  a  matter  of 
simple  triangulation  development.  The  pattern  for  the 
lower  section,  however,  may  be  laid  off  by  the  parallel 
method,  as  shown  in  the  view  at  {a)\  the  stretchout  for  this 
pattern,  of  course,  is  obtained  by  first  dividing  the  outline 
of  the  plan  into  a  convenient  number  of  equal  spaces  and 
then  drawing  edge  lines  and  developers,  as  explained  in 
preceding  problems. 

The  pattern  for  one  of  the  remaining  sections  of  the  ven- 
tilator— the  upper  section,  in  this  case — is  shown  in  its 
entire  development  in  Fig.  32.  It  will  be  seen  that  the 
section  rti^Cw/ in  Fig.  32,  although  in  a  different  position 
from  that  shown  in  Fig.  31,  is  merely  copied  in  the  same 
size  from  the  latter  view;  this  has  been  done  in  order  to 
avoid  confusion  of  lines,  and  the  student  is  recommended 
to  pursue  a  similar  course  in  the  case  of  each  section  of  the 
ventilator.     The  rhombus-shaped  figure  ^^Cze/,  Fig.  32,  is 
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first  copied,  as  already  mentioned,  in  the  position  shown; 
immediately  below  this  view  and  parallel  with  the  line  w  C, 
a  hori2&ontal  line  is  next  drawn  for  the  center  line  of  the 
plan.  On  this  center  line,  considered  as  a  major  axis,  the 
outer  ellipse  of  the  ventilator — the  one  shown  in  the  front 
elevation — is  next  redrawn,  as  shown  in  Fig.  32.  Perpen- 
diculars to  the  line  a  b  are  then  erected  at  points  a  and  b^ 
and  at  a  convenient  distance  away  from  the  elevation  a 
center  line  for  the  full  view  of  the  upper  base  of  the  section 
is  drawn  parallel  to  the  line  a  b  oi  the  elevation.  On  this 
line,  considered  as  a  major  axis,  the  required  ellipse  iS  next 
constructed,  the  length  of  its  minor  axis  being  taken  from 
the  front  elevation  of  Fig.  31,  where  it  is  represented  by 
the  line^//.  When  the  ellipse  that  represents  the  full  view 
of  the  upper  base  of  the  section  in  Fig.  32  has  been  con- 
structed, its  outline — or,  more  conveniently,  one-half  of  its 
outline — is  to  be  divided,  by  spacing,  into  a  convenient 
number  of  equal  parts — eight  in  Fig.  32.  The  points  thus 
located  are  next  projected  to  the  elevation  and  thence  to 
the  plan,  where  the  foreshortened  view  of  the  upper  base  is 
next  to  be  represented.  One-half  of  the  outline  of  the 
lower  base  in  the  plan  is  then  divided  into  the  same  number 
of  equal  spaces  as  were  determined  on  the  half  outline  of 
the  upper  base,  and  the  points  thus  located  are  next  pro- 
jected to  the  line  w  C  oi  the  elevation.  The  surface  of  the 
section  is  then  divided  into  triangles  by  lines  drawn 
between  successive  points  on  the  two  bases,  as  in  the  cus- 
tomary triangulation  method  of  procedure,  and  the  true 
lengths  of  such  lines  are  determined  by  constructing  a  dia- 
gram of  triangles,  as  already  explained.  The  completion 
of  the  pattern  for  one-half  of  this  section  of  the  ventilator 
is  shown  at  (^),  Fig.  32,  and  since  the  process  is  precisely 
similar  to  that  described  in  preceding  problems,  no  further 
mention  of  the  principles  involved  is  necessary.  A  con- 
struction similar  to  that  shown  in  Fig.  32  is  needed  for  each 
section  of  the  ventilator.  While  the  process  is  somewhat 
long  and  may  become  tedious  to  the  student,  no  new  fea- 
tures  will   be    encountered,    and   for    this    reason    further 
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description  is  omitted.  After  the  patterns  for  each  section 
have  been  developed,  as  shown  in  Fig.  32  (rt),  the  customary 
allowances  for  laps,  or  riveting  edges,  should  be  added  to 
the  drawing.  In  a  similar  manner,  the  patterns  for  a  ven- 
tilator composed  of  any  number  of  sections  may  be  con- 
structed. 


PROBLEM  66. 

17.     To  develop  the  patterns  for  a  ship  ventilator — 
longrltudlnal  seams. 

Explanation. — Ship  ventilators,  especially  those  made 
of  copper,  are  frequently  hammered,  or  raised,  so  that  the 
surfaces  of  the  different  sections  are 
merged  into  one  continuously  curved 
surface.  A  ventilator  of  this  description 
is  shown  in  perspective  in  Fig.  33,  where 
the  joint  lines  of  the  various  pieces,  run- 
ning along  the  length  of  the  ventilator, 
are  shown,  although  faintly,  because  the 
joints  have  been  brazed.  As  in  the  case 
of  the  preceding  problem,  the  develop- 
ment of  these  patterns  is  obtained  by 
triangulation.  Since  the  processes  of 
projection  are  slightly  modified  from 
those  used  in  Problem  54,  and,  further, 
since  the  methods  used  in  this  case  may 
be  used  for  the  development  of  a  num- 
ber of  similar  irregularly  shaped  articles,  the  student  is 
recommended  to  follow  very  carefully  the  construction 
here  given.  The  scale  of  drawings  and  the  general  dimen- 
sions used  in  this  problem  are  the  same  as  in  Problem  54. 
In  this  case,  the  arcs  that  were  drawn  in  Fig.  32  in  order 
to  locate  the  points  at  the  extremities  of  the  miter  lines 
win  form  the  outlines  of  the  ventilator;  but  aside  from 
this  feature,  the  projection  drawings  in  both  problems  are 
alike. 


Fig.  33. 
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Construction. — The  general  arrangement  of  the.  views 
may  be  seen  from  Fig.  34 — in  this  case,  the  front  elevation  is 
more  conveniently  placed  to  the  left  of  the  side  elevation. 
Since  the  seams  are  to  run  in  a  different  direction  from  those 
of  the  preceding  problem,  all  work  done  in  Fig.  32  for  the 
location  of  the  miter  lines  is  omitted.  After  defining  the 
main  outlines  of  the  different  views,  the  first  thing  to  be 
considered  is  the  manner  in  which  the  joint  lines  of  the 
metal  will  be  indicated  in  the  drawings.  Of  course,  this 
depends  on  the  number  of  pieces  that  are  to  compose  the 
ventilator;  for  convenience  of  illustration,  it  may  be  as- 
sumed here  that  the  ventilator  is  to  be  made  up  of  eight 
longitudinal  strips.  For  the  sake  of  appearance,  each  of 
these  pieces  should  be  as  nearly  the  same  width  as  possible, 
and  accordingly  the  outline  of  the  circles  in  the  plan  maybe 
divided  into  eight  equal  parts,  as  shown  in  Fig.  34.  In  a 
similar  manner,  the  outline  of  the  outer  ellipse  in  the  front 
elevation  is  also  divided  into  the  same  number  of  equal  parts. 
Projectors  are  next  carried  to  the  side  elevation  from  the 
points  a,  c,  and  e  of  the  plan,  and  the  points  a\  c\  and  e'  are 
located  on  the  horizontal  side  of  the  right  angle  A  B  C, 
Next,  the  points  d,  d^  and  y  are  located  in  the  side  elevation 
by  projection  from  the  dividing  points  of  the  ellipse  in  the 
front  elevation. 

The  miter  lines,  or  the  lines  of  intersection,  between  the 
different  sections  are  next  represented  in  the  side  elevation. 
In  this  view,  the  student  may  draw  these  lines  freehand, 
carefully  observing  that  the  different  sections  widen  gradu- 
ally as  they  approach  the  outer  end  of  the  ventilator.  He 
should  understand  that  although  these  lines  may  be  drawn 
at  will  on  the  surface  of  the  side  elevation,  and  although 
their  positions  may  be  shifted  until  a  pleasing  curve  is 
obtained,  yet  when  the  lines  are  finally  drawn  in  that  view, 
they  represent  a  definite  position — a  position,  in  this  case,  in 
which  the  true  lengths  of  the  lines  are  not  shown  in  the  side 
elevation.  This  will  be  better  understood  by  the  student 
when  he  considers  that  the  line  c'  d,  for  instance,  is  gradu- 
ally bending  toward  the  eye  of  the  observer  and  at  the  same 


Digitized  by  VjOOQIC 


n — r>i 


■'      '^  I    '     It 

'V  ■■  !    I  I 


■  5  ^      H      M''*- 


Digitized  by  VjOOQIC 


§  19    PRACTICAL  PATTERN  PROBLEMS.     61 

time  toward  the  right;  in  short,  the  line  c'  d  of  the  side 
elevation  represents  the  curved  line  c'  d'  of  the  front  eleva- 
tion. The  curve  of  the  other  lines — a'  b  and  //—bends  in 
a  somewhat  similar  manner,  as  may  be  seen  in  the  side 
elevation. 

The  line  a'  b  of  the  side  elevation  is  next  drawn  in  the 
front  view;  its  upper  and  lower  extremities,  of  course,  may 
be  readily  located  by  projection,  and,  if  desired,  the  entire 
line  maybe  drawn  freehand,  with  due  regard  to  the  gradual 
curvature.  The  student  will  be  assisted  in  the  drawing  of 
this  line,  if  he  first  divides  the  line  a!  b  of  the  side  elevation 
into  a  convenient  number  of  equal  spaces — six  in  Fig.  34 
— and  then  draws  horizontal  projectors  of  indefinite  length 
across  the  surface  of  the  front  elevation.  The  vertical  center 
line  of  the  front  elevation  represents  the  outer  curve  A  C 
of  the  side  elevation,  and  that  curve  may  be  divided  into  the 
same  number  of  equal  spaces  as  were  laid  off  on  the  line  a!  b, 
A  similar  operation  is  then  performed  on  the  line  r'  d^ 
and  from  both  of  these  curves,  projectors  are  carried 
to  their  respective  lines  in  the  front  elevation.  The  work 
of  dividing  the  surfaces  of  the  two  upper  sections  of  the 
ventilator  into  triangles,  which  is  done  by  drawing  lines 
between  successive  points  on  the  different  miter  lines,  is 
shown  in  Fig.  34;  and  since  it  is  similar  to  other  operations 
that  have  been  described,  no  explanation  is  given. 

The  true  lengths  of  the  curves  a*  b  and  c'  d  must  next  be 
determined;  this  is  done  by  laying  off  the  stretchouts  M N 
and  M'  N'  in  the  relative  positions  shown  in  Fig.  34  and  in 
accordance  with  the  distances  found  on  the  lines  a'  b'  and 
c'  d'  in  the  front  elevation.  Edge  lines  are  then  drawn 
through  the  points  of  the  stretchouts  and  developers  are 
drawn  from  the  respective  points  on  the  outlines  of  the 
foreshortened  curves  in  the  side  elevation.  If  desired,  the 
curves  shown  by  the  dotted  lines  in  the  upper  diagrams 
may  then  be  drawn,  and  the  true  measurements  for  such 
distances  as  are  located  on  the  lines  of  intersection  may  be 
taken  from  these  views  for  the  construction  of  the  patterns, 
when  such  measurements  are  required.     Before  the  patterns 


Digitized  by  VjOOQIC 


62     PRACTICAL  PATTERN  PROBLEMS.    §  19 

can  be  laid  out,  however,  the  true  lengths  of  the  longer 
sides  of  the  triangles  in  the  elevations  must  first  be  deter- 
mined. Since  in  this  case  the  method  pursued  is  slightly 
different  from  that  heretofore  shown,  the  student  should 
carefully  follow  the  instructions  given. 

It  has  already  been  observed,  in  preceding  triangulation 
problems,  that  in  order  to  obtain  these  true  lengths  it  is 
necessary  merely  to  construct  right-angled  triangles  whose 
bases  are  equal,  respectively,  to  the  length  of  any  given 
line  in  a  view,  while  the  height  of  the  triangle  is  equal  to 
the  vertical  height  shown  in  a  related  view.  The  same 
method  is  to  be  pursued  here,  but  in  this  case  the  matter  of 
obtaining  the  vertical  height  is  somewhat  more  complicated, 
from  the  fact  that  the  drawing  affords  no  clearly  defined 
base  measurement.  Just  what  is  meant  by  this  statement 
will  be  seen  by  the  student  as  he  proceeds  with  the  con- 
struction of  the  temporary  triangles  for  the  section  marked 
(l?)  in  Fig.  34.  For  this  construction,  the  measurements 
for  the  bases  of  the  temporary  triangles  may  be  taken  from 
the  front  elevation,  and  the  measurements  for  the  vertical 
heights  from  the  side  elevation.  Accordingly,  a  hori- 
zontal line  of  indefinite  length  may  be  drawn  in  any  con- 
venient portion  of  the  drawing,  as  at  (e).  On  this  line, 
commencing  at  the  left-hand  end,  lay  off  a  distance  equal 
to  d'  1  of  the  front  elevation,  and  make  the  succeeding 
spaces  toward  the  right  of  the  line  equal  those  designated 
by  similar  numerals  in  the  front  elevation.  The  spaces 
thus  laid  off  on  the  line  at  {c)  arc  to  represent  the  bases  of 
the  temporary  triangles,  who.se  altitudes  may  be  found  by 
measuring  the  respective  horizontal  distances  shown  in  the 
side  elevation.  Thus,  the  altitude  of  the  triangle  at  the 
left  is  made  equivalent  to  the  dimension  x  oi  the  side  eleva- 
tion. In  like  manner,  the  heights  of  the  remaining  trian- 
gles are  taken  from  the  side  elevation,  and,  when  completed, 
the  pattern  for  the  section  may  be  laid  out  in  the  regular 
way,  as  shown  in  Fig.  34.  The  diagram  of  triangles  neces- 
sary for  the  construction  of  the  pattern  for  the  section  {a) 
is  shown  at  (/)  and  is  constructed  in  a  similar  manner. 
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A  like  process  must  be  followed  in  order  to  obtain  pat- 
terns for  sections  of  the  ventilator  marked  (c)  and  (d)  in 
Fig.  34,  but  since  this  work  is  the  same  as  that  already 
shown,  no  further  description  is  needed.  The  student  will 
seldom  be  called  upon  to  develop  patterns  for  objects  that 
require  such  extended  operations,  but  he  should  become 
thoroughly  familiar  with  the  principles  involved  and  should 
endeavor  to  acquire  a  facility  in  the  application  of  the  proc- 
esses. No  more  excellent  drill  for  the  ambitious  pattern 
draftsman  can  be  found  than  is  presented  in  the  present 
instance,  and  the  student  will  do  well  to  develop  the  entire 
surface  of  the  ventilator  shown  in  this  problem.  After  the 
drawings  have  been  completed,  the  work  can  be  readily 
proved  by  cutting  out  and  forming  into  shape  blanks  cut 
to  the  pattern  outlines;  this  part  of  the  work  will  furnish 
the  student  with  interesting  information,  and,  if  found 
correct,  will  tend  to  increase  his  self-confidence  in  a  large 
degree. 


PROBLEM  66. 

18.  To  develop  the  patterns  for  the  body  of  a  >vheel- 
barroiv. 

Explanation. — Wheelbarrows  made  entirely  of  metal 
are  rapidly  coming  into  favor.  Formerly  used  only  around 
smelters,  blast  furnaces,  and  foundries,  they  are  now  to  be 
found  in  nearly  every  place  where  a  barrow  is  required. 
Of  course,  they  are  made  in  a  great  variety  of  shapes  and 
styles,  and  of  light  or  heavy  metal,  as  may  be  necessary 
for  different  purposes.  Fig.  35  is  a  perspective  view  of  a 
common  type  of  metal  wheelbarrow  and  shows  one  of  the 
reasons  why  this  barrow  is  so  favorably  regarded.  Owing 
to  the  peculiar  shape  of  the  body,  the  laborer  is  enabled  to 
load  the  barrow  in  such  a  manner  that,  when  raised  into 
position  to  be  moved,  the  center  of  gravity  of  the  mass  will 
be  very  nearly  over  the  wheel.  The  barrow  may,  there- 
fore, be  pushed  along  with  much  less  effort  than  if  the 
laborer  were  required  to  carry  more  of  the  weight  of  the 
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contents.  These  shapes  are  more  easily  worked  out  in  sheet 
metal  than  in  wood;  furthermore,  a  water-tight  body  may 
be  easily  obtained,  and,  in  addition,  hot  ashes  or  slag  may 
be  carried  without  danger  of  burning  the  wheelbarrow. 


Fig.  36. 

The  drawings  for  this  problem  are  to  be  constructed  to 
a  scale  of  1^  inches  to  the  foot.  The  flat  portion  of  the 
body — that  is,  the  bottom  of  this  wheelbarrow — is  10  inches 
in  width  by  16  inches  in  length;  the  sides  are  inclined  at  an 
angle  of  45°  to  the  horizontal,  and  the  length  of  slope  at  the 
front — that  is,  nearest  the  wheel — is  13  inches,  while  at  the 
rear  the  length  of  slope  is  5  inches. 

Construction. — A  plan  and  an  elevation  will  be  required 
for  the  development  of  the  necessary  patterns;  the  latter  is 
the  first  to  be  drawn,  as  shown  in  Fig.  36,  in  accordance 
with  the  dimensions  previously  given.  After  the  rhombus 
shown  by  the  full  lines  in  the  elevation.  Fig.  36,  has  been 
constructed,  a  projection  of  the  flat  portion  of  the  body  of 
the  wheelbarrow  should  be  made  in  the  plan,  but,  before 
the  outline  of  the  upper  base  can  be  represented  in  that  view, 
some  preliminary  work  will  be  necessary  in  the  elevation. 
Before  this  work  is  undertaken,  the  student  should  examine 
the  form  assumed  in  this  drawing — he  should  at  once  see 
that  the  rounded  corners  of  the  solid  represented  in  the  ele- 
vation may  be  considered  as  irregular  sections  of  the  cone, 
and  that  only  a  portion  of  the  surface  of  one-quarter  of  the 
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cone  is  needed  at  each  corner  of  the  solid.  The  conic  seg- 
ments are,  of  course,  shown  in  the  elevation  as  inverted; 
and  it  will  be  further  seen,  on  examining  the  drawing  and 
allowing  the  imagination  to  develop  the  picture,  that  the 
upper  outline  of  the  elevation  crosses  the  axes  of  the  conic 
segments  obliquely.  Since  this  is  the  case,  the  projection 
of  the  plan  will  involve  the  principles  exemplified  in  the  pro- 
jection of  sectional  views  of  a  cone  given  in  Practical  Pro- 
jection, 


^^/fffm/trOffe/ra^fffBad^ 


Fig.  ae. 


The  first  step  in  making  this  pattern  will  consist  in  pro- 
ducing the  oblique  sides  of  the  elevation  until  they  intersect 
a  horizontal  line  that  may  be  conveniently  drawn  a  slight 
distance  above  the  upper  outline  of  the  elevation.  The 
projection  is  thence  made  to  the  plan,  as  shown  in  Fig.  36, 
and  the  quarter  circles,  or  quadrants,  that  represent  the 
outlines  of  the  assumed  bases  of  the  conic  segments  may  be 
described  from  centers  locateid  at  the  four  corners  of  the 
rectangle  in  the  plan.  These  quadrants  are  divided,  by 
spacing,  into  any  convenient  number  of  equal  parts — four 
in  Fig.  36 — and   the  elements  of  each  conic  'segment  are 
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represented  in  the  plan  in  the  usual  way.  These  elements 
are  next  projected  to  the  elevation,  and,  when  represented 
in  that  view,  will  at  once  indicate  their  points  of  intersec- 
tion with  the  upper  outline  of  the  body.  From  such  points 
of  intersection,  horizontal  projectors  are  then  to  be  carried 
to  the  respective  true  edge  line.  If  desired,  the  plan  may 
then  be  completed  as  shown  in  Fig.  36,  although  this  part 
of  the  work  is  not  necessary  for  the  development  of  the 
pattern. 

The  development  of  the  pattern  at  (a)  is  now  a  compara- 
tively simple  matter.  A  horizontal  center  line  may  be 
drawn  through  the  plan,  and  the  seams  between  the  differ- 
ent portions  of  the  body  may  conveniently  be  located  on 
this  line,  although  any  other  arrangement  may  be  readily 
effected,  if  desired  by  the  draftsman.  Since  the  remainder 
of  the  work  is  identical  with  that  already  shown  in  pre- 
ceding problems  relating  to  the  radial  solids,  no  further 
explanation  of  the  process  is  necessary. 


PROBLEM  57. 

19.     To  develop  tlie  pattern  for  a  conveyor  fllgrlit. 

Explanation. — A  method  of  automatically  transferring 
grains  and  similar  substances  is  frequently  required  in 
elevators,  malt  houses,  breweries,  and  flouring  mills.  This 
requirement  is  met,  in  many  instances,  by  the  «se  of  an 
endless  chain  to  which  several  small  buckets  are  attached. 
The  motion  of  the  chain  automatically  fills  the  buckets  at 
one  end  of  the  apparatus  and  discharges  their  contents  at 
the  other.  In  recent  years,  however,  this  device  has  been 
superseded,  to  a  great  extent,  by  the  suction  tube,  or  spiral 
conveyor,  which  type  is  especially  desirable  in  cases  where 
small  grains  are  to  be  conveyed  and  where  no  spilling  can 
be  permitted.  This  conveyor  consists,  essentially,  of  a  tube 
of  heavy  sheet  metal  within  which  a  shaft,  whose  axis  coin- 
cides with  that  of  the  tube,  is  suspended  in  bearings  placed 
at  frequent  intervals  throughout  its  length.     Attached  to 
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this  shaft  are  spiral,  or  rather  helicoidal,  flanges  of  such 
width  that  their  outer  edges  approach  very  closely  to  the 
inner  walls  of  the  enclosing  tube.  The  shafting  and  the 
attached  flanges  run  the  entire  length  of  the  tube,  and  when 
the  shaft  is  revolved  in  a  certain  direction — one  end  of  the 
tube  being  set  into  the  grain — it  is  found  that  the  grain 
follows  the  spiral  surface  of  the  flanges  and  may  be  elevated 
at  a  more  or  less  oblique  angle. 

This  conveyor  is  merely  an  adaptation  of  a  device  con- 
structed by  one  of  the  old  Greek  philosophers,  Archimedes, 
whose  name  is  still  at- 
tached to  the  pump 
shown  in  Fig.  37.  This 
pump  is  sometimes  made 
by  winding  a  flexible 
tube  spirally  around  the 
outer  surface  of  a  cylin- 
der. The  axis  of  the 
cylinder  is  then  inclined 
and  its  lower  end  insert- 
ed in  a  tub  of  water.  On  turning  the  handle  of  the  pump, 
water  will  issue  from  the  upper  end  of  the  spiral  tube, 
apparently  being  lifted  by  the  motion  of  the  cylinder, 
although  in  reality  the  water  merely  obeys  the  universal  law 
that  requires  it  to  seek  its  lowest  level.  That  this  is  true 
may  be  seen  when  the  action  of  the  water  at  any  particular 
place  in  the  tube  is  considered ;  the  motion  of  the  tube  being 
apparently  upwards,  the  water  really  flows  back,  but  in  so 
doing  is  carried  away  from  the  tub,  and  following  the  con- 
tour of  the  flanges,  issues  from  the  free  end  of  the  tube. 

The  section  of  a  grain  conveyor  made  to  operate  on  this 
principle  would  not  differ  materially  from  that  shown  in 
Fig.  37.  The  separate  pieces  of  which  this  continuous  flange 
is  composed,  t^vmGd  flights  by  the  manufacturers,  are  joined 
along  seams  perpendicular  to  the  axis  of  the  shaft.  The 
theory  of  their  construction  affords  an  interesting  study  for 
the  sheet-metal  worker.  If  aright-angled  triangle,  Fig.  38(^), 
whose  base  is  equal  in   length  to  the  circumference  of   a 


Fig.  87. 
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cylinder  and  whose  altitude  is  the  longitudinal  distance  to 
be  passed  through,  be  wrapped  around  a  cylinder  as  in 
Fig.  38  (^),  the  curved  line  described  by  the  hypotenuse  of 
the  triangle  will  be  a  helix,  A  familiar  practical  illustration 
of  this  curve  may  be  seen  in  the  threads  of  the  screw  or  in 
the  winding  spiral  staircase  so  often  seen  in  the  public 
libraries  of  our  cities.  The  method  used  by  the  draftsman 
for  constructing  these  curves  on  the  drawing  board  was 
shown  in  Geometrical  Drawings  but  will  be  repeated  during 
the  construction  of  the  projections  required  for  this  problem. 
It  is  a  purely  geometrical  construction  and  as  such  should 
be  thoroughly  mastered  by  the  student.     The  surface  of  the 


FlO.  38. 


conveyor  flight  is  referred  to  by  mathematicians  as  helicoidal, 
and  as  will  be  seen  from  the  drawings  now  to  be  made,  is 
such  as  would  be  developed  by  a  straight  line  that  is  at  all 
times  held  perpendicular  to  the  axis  of  the  cylinder,  but  yet 
is  constantly  moving  upwards  along  the  line  of  the  helix. 
Further  explanation  of  the  principles  involved  will  be  given 
during  the  construction  of  the  drawings.  For  the  purposes 
of  this  problem,  it  may  be  assumed  that  the  conveyor  tube 
is  12  inches  in  inside  diameter,  and  that  the  shaft  on  which 
the  flights  are  to  be  fitted  is  2  inches  in  diameter.  The 
helix  is  to  make  a  full  turn  in  a  length  of  0  inches,  and  the 
drawings  are  to  be  constructed  to  a  scale  of  6  inches  to 
the  foot. 


Digitized  by  VjOOQIC 


§  19         PRACTICAL  PATTERN  PROBLEMS.  69 

Construction. — A  plan  and  an  elevation  of  the  helicoid 
is  first  to  be  drawn,  as  shown  in  Fig.  39.  Circles  are  first 
described  in  the  plan  from  a  common  center  and  with  radii 
equal,  respectively,  to  the  radii  of  the  shaft  and  of  the  tube. 
The  outlines  of  these  circles  are  next  divided,  by  spacing, 
into  any  convenient  number  of  equal  parts — in  this  case  six 
spaces  are  located  on  each  semicircle.  For  the  construction 
of  the  elevation,  a  parallelogram  A  B  C  D  \s  drawn  whose 
width  is  projected  from  the  plan  and  whose  height  is  equiva- 
lent to  the  length  of  the  turn — 6  inches  in  this  case.  One 
of  the  vertical  sides  of  this  parallelogram  is  next  divided,  by 
spacing,  into  as  many  equal  parts  (12)  as  are  contained  on 
the  outline  of  the  entire  circle  in  the  plan.  Through  the 
points  thus  located,  horizontal  lines  are  drawn  entirely 
across  the  parallelogram,  and,  beginning  at  the  extreme 
left-hand  point  on  the  outer  circle,  projectors  are  next  car- 
ried from  the  plan  to  the  successively  higher  horizontals  in 
the  elevation;  that  is,  the  point  C  being  already  fixed  by 
one  of  the  projectors  previously  drawn,  the  point  1  in  the 
plan  is  projected  to  the  point  1'  on  the  horizontal  next  higher 
than  C-D;  point  ^  of  the  plan,  to  the  points' in  the  elevation; 
and  so  on,  proceeding  in  this  way  until  the  point  A  at  the 
top  of  the  rectangle  is  reached.  An  irregular  curve  is  then 
traced  through  the  points  thus  located  in  the  elevation,  and 
it  will  be  seen  that  such  a  curve  defines  the  outer  edge  of 
the  helicoid.  The  curve  that  defines  the  inner  edge  of  the 
helicoid  is  drawn  through  points  located  on  the  same  horizon- 
tal lines — such  points  being  projected  from  points  located  on 
the  outline  of  the  inner  circle  of  the  plan.  The  lines  A  x 
and  Cy^  Fig.  39,  define  the  upper  and  lower  extremities  of  the 
flight,  and  on  comparing  the  drawing  just  made  with  the  per- 
spective shown  in  Fig.  37,  the  student  will  be  able  to  under- 
stand what  portions  of  the  surface  should  be  represented  by 
dotted  lines  in  the  projection  drawings.  It  might  appear 
to  one  studying  these  drawings  only  in  a  casual  way,  that 
the  surface  represented  in  Fig.  39  could  be  developed  by  the 
method  of  triangulation,  for  it  will  be  seen  that  the  straight- 
edge test,   mentioned    in   Development   of  Surfaces,  would 
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show  continuous  contact  at  any  point  when  the  straightedge 
was  perpendicular  to  the  common  central  axis.  As  a  matter 
of  fact,  however,  a  theoretical  development  for  this  surface 
is  impossible — this  particular  case  being  the  exception  to 
the  straightedge  test  mentioned  in  Development  of  Surf  aces — 
although  it  is  true  that  an  approximation  sufficiently  close 
for  all  practical  purposes  may  be  readily  made. 

Two  methods  of  pattern  construction  will  be  given  in  this 
case,  the  first  of  which  is  somewhat  more  simple  than  the 
second,  and  is  sufficiently  close  for  nearly  every  practical 
application ;  the  second  method  is  shown  only  as  affording  a 
brief  explanation  of  the  reason  for  the  failure  of  the  trian- 
gulation  method  of  development  in  the  case  of  helicoidal 
surfaces.  Since  the  curve  of  the  helix,  as  previously  stated, 
may  be  represented  by  wrapping  a  right-angled  triangle  of 
certain  dimensions  around  the  circumscribed  cylinder,  it  is 
possible,  by  means  of  a  reversal  of  this  method,  to  construct 
a  right-angled  triangle  whose  hypotenuse  will  be  equal  to 
the  exact  length  of  the  helix.  Accordingly,  the  right-angled 
triangle  shown  at  the  right  of  the  elevation  in  Fig.  39  is 
laid  out.  The  altitude  of  this  triangle  is  projected  from  the 
elevation,  and  the  base  is  spaced  off  in  accordance  with  the 
length  of  the  circumference  of  the  inner  circle  of  the  plan. 
The  hypotenuse  of  this  triangle  may  now  be  measured  with 
the  scale,  and  from  the  table  of  Areas  and  Circumferences  it 
will  be  possible  to  ascertain  the  diameter  of  a  circle  whose 
circumference  very  nearly  approaches  this  length.  The 
hypotenuse  of  the  triangle  shown  at  Fig.  39  {a)  is  found  to 
scale  very  nearly  Sf  inches,  which  is  equivalent  to  the  cir- 
cumference of  a  circle  whose  diameter  is  approximately 
2f  inches.  A  circle  of  this  diameter  is  accordingly  described, 
as  shown  in  Fig.  39  (V),  A  radius  of  the  circle  is  next  drawn 
in  any  convenient  direction  and  is  extended  indefinitely 
beyond  the  outline  of  the  circumference ;  on  the  outer  portion 
of  this  radius  a  distance  is  then  laid  off  corresponding  fn 
length  to  the  distance  C  y  oi  the  elevation.  A  concentric 
circle  is  then  described  and  the  pattern  is  complete.  When 
cutting   out   the    metal,  the  central  circle   is  cut  out  and 
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removed,  and  a  cut  is  also  made  along  the  line  of  the  radius 
C y  of  the  outer  circle.  Before  this  blank  can  be  utilized  in  the 
construction  of  a  conveyor,  it  must  be  stretched,  or  **  raised," 
by  dies  or  by  hand  methods  known  to  every  sheet-metal 
worker. 

A  method  of  development  that  more  closely  approximates 
the  theoretical  standpoint,  but  one  that  is  seldom  used  in 
practice  on  account  of  the  waste  of  stock  involved,  is  shown 
in  Fig.  40.  By  this  method  it  is  first  necessary  to  construct 
an  additional  helix  that  will  follow  the  central  line  of  the 
helicoidal  surface.  The  plan  and  elevation  of  Fig.  39  have 
been  reproduced  in  Fig.  40,  and  the  central  line  of  the  surface 
is  shown  by  the  dotted  circle  in  the  plan.  As  in  the  prece- 
ding drawing,  the  projection  of  this  line  to  the  elevation  is 
done  by  the  use  of  the  same  horizontal  lines,  and  the  helix  is 
indicated  in  the  elevation  by  the  dotted  line  there  shown. 
The  correct  length  of  this  line  is  next  determined  by  the  aid 
of  the  right-angled  triangle  shown  at  the  left  of  the  elevation. 
The  process  is  the  same  as  in  the  other  method  and  needs 
no  further  explanation.  If  the  drawings  are  now  carefully 
studied,  it  may  be  seen  that  the  true  length  of  the  curve,  as 
well  as  its  approximate  outline,  will  be  very  nearly  approached 
by  the  flattest  portion  of  the  curve  of  an  ellipse  whose  minor 
axis  is  equal  to  the  diameter  of  the  circumscribed  cylinder 
and  whose  major  axis  is  equal  to  the  length  of  a  tangent  to 
the  helix — the  ends  of  such  tangent  being  defined  in  the 
elevation  by  the  lateral  outlines  of  the  circumscribed  cylinder. 
This  tangent  is  indicated  in  Fig.  40  by  the  line/^,  which, 
as  will  be  seen  from  the  illustration,  is  drawn  tangent  to  the 
dotted  central  helix. 

This  curve  may  be  readily  found  if  the  ellipse  shown  at 
(a).  Fig.  40,  is  constructed  in  accordance  with  the  dimensions 
just  given.  The  required  radius  o  a  may  then  be  taken  from 
the  drawing,  and,  with  this  radius,  a  circle  is  next  to  be 
described,  as  shown  at  (b).  The  hypotenuse  of  the  right- 
angled  triangle  shown  at  the  left  of  the  elevation  may  then 
be  divided,  by  spacing,  into  any  convenient  number  of  equal 
parts,  and  a  similar  number  of  spaces  set  off  on  the  outline 
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of  the  circle  at  {b).  The  spaces  ey  and  Ce  are  then  taken 
from  the  elevation  and  set  off  on  a  radius  of  this  circle  in  the 
manner  shown  in  Fig.  40  (*),  and  concentric  circles  are  next 
described  for  the  inner  and  outer  outlines  of  the  flight.  A 
radius  drawn  through  the  point  e'  will  then  define  the 
remaining  outline  of  the  pattern.  As  in  the  other  method, 
the  pattern  must  be  submitted  to  the  raising  process,  and 
for  the  reason  that  an  equal  amount  of  work  must  be  done 
by  either  method,  the  one  first  described  will  be  found  better 
adapted  to  practical  shop  requirements.  If  the  student 
desires  to  investigate  the  properties  of  this  surface  somewhat 
further  and  will  construct  right-angled  triangles  for  the 
purpose  of  ascertaining  the  respective  lengths  of  the  different 
helixes  shown,  or  of  additional  helixes  that  may  be  defined 
on  the  surface  of  the  helicoid,  he  may  compare  the  lengths  of 
their  hypotenuses  with  the  relative  positions  on  the  pattern, 
and  thus  understand  exactly  where  the  surface  of  the  flight 
should  be  stretched.  This  problem  presents  an  interesting 
case  for  one  of  an  inquiring  turn  of  mind;  and  if,  in  addition 
to  the  construction  here  given,  the  student  will  produce  a 
triangulation  development  for  the  flight  and  compare  that 
figure  with  the  different  hypotenuses  of  triangles  constructed 
for  several  positions  of  the  helix,  he  will  be  able  to  under- 
stand why  the  triangulation  process  cannot  be  used  for 
surfaces  of  this  class. 


PROBLEM  58. 

20,  To  develop  the  patterns  for  a  special  case  of 
irregular  intersection. 

Explanation. — This  problem  illustrates  a  method  of 
adapting  the  line  of  intersection  between  two  solids  to  suit 
specified  requirements.  It  represents  a  case  in  which  the 
miter  line,  although  apparently  arbitrarily  represented  in 
the  projection  drawinj^s,  is  really  dependent  for  certain 
points  of  its  location  on  well-known  laws  that  govern  the 
intersection  of  solids.     This  statement  is,  in  a  large  measure, 
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true  of  every  drawing  that  contains  an  arbitrary  miter 
line.  For  before  the  draftsman  can  trust  his  judgment  in 
planning  such  lines 
on  the  drawing,  he 
must  be  familiar 
with  the  appear- 
ance of  intersec- 
tionsof  commonoc- 
currence  and  must 
be  able  to  recog- 
nize the  likeness  of 
such  arbitrary  lines 
to  the  true  miter 
lines  obtained 
by  projection. 
This  case  requires 
a  transition  piece  ^^^-  ^^• 

whose  general  appearance  will  resemble  the  frustum  of  a 
cone.  The  upper  base  of  the  transition  piece  is  in  the  form 
of  a  circle  9  inches  in  diameter;  its  surface,  for  the  purposes 
of  this  problem,  may  be  assumed  to  be  horizontal.  The 
lower  base  of  the  transition  piece  is  on  the  surface  of  a 
cylinder  2  feet  8  inches  in  diameter,  whose  axis  is  horizontal. 
The  relative  positions  of  the  circle  and  of  the  cylinder  are 
such  that  a  perpendicular  erected  at  the  center  of  the  upper 
base  will  pass  through  a  point  on  the  axis  of  the  cylinder, 
while  the  perpendicular  distance  between  the  two  bases,  as 
shown  in  an  elevation,  is  8  inches.  Furthermore,  it  is  re- 
quired that  the  slanting  sides  of  the  transition  piece,  as 
shown  in  an  end  elevation  of  the  intersected  cylinder,  will 
be  tangent  to  the  outline  of  that  solid;  while  in  a  side  ele- 
vation, the  greatest  lateral  distance  must  be  2  feet  5  inches. 
The  perspective  illustration  in  Fig.  41  represents  these  con- 
ditions very  accurately,  and  the  close  resemblance  of  the 
transition  piece  to  the  general  form  of  a  cone  is  readily 
apparent.  This  construction  should  be  followed  very  closely 
by  the  student,  since  this  method  may  be  used  in  a  variety 
of  similar  cases.     The  drawings  are  to  be  made  to  a  scale 
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of  Ij-  inches  to  the  foot,  and  are  rendered  somewhat  com- 
plicated by  the  fact  that  f-inch  material  is  to  be  used  in  the 
construction  of  the  finished  forms.  The  patterns  for  the 
transition  piece  and  for  the  opening  in  the  cylinder  are  to 
be  developed. 

Construction. — As  shown  in  Fig.  42,  projections  con- 
sisting of  a  plan  and  of  end  and  side  elevations  are  first  to 
be  drawn.  The  usual  arrangement  of  views  given  in  Prac- 
tical Projection  may  be  followed  and  the  end  elevation  first 
constructed.  Draw  the  vertical  center  line  A  B  and  repre- 
sent the  edge  view  of  the  upper  base  by  a  line  a  b  ^  inches 
long  and  perpendicular  to  the  center  line.  Set  off  the  dis- 
tance c  d  in  accordance  with  the  specifications  and  then 
describe,  in  the  elevation,  the  circle  that  represents  the  end 
view  of  the  cylinder.  From  the  points  a  and  b  draw  the 
lateral  outlines  of  the  transition  piece  tangent  to  the  outline 
of  the  cylinder.  Next,  draw  the  dotted  line  ^*/and  project 
the  top  view  in  the  plan  as  though  the  surface  of  the  transi- 
tion piece  were  actually  that  of  a  right  cone.  The  true  line 
of  intersection  in  the  plan  may  then  be  found  by  projecting 
the  conic  elements  in  both  views.  This  line  of  intersection 
is  represented  in  the  plan  of  Fig.  42  by  the  irregular  dotted 
curve  there  shown. 

On  measuring  the  greatest  width  in  a  side  elevation — the 
distance^//.  Fig.  42 — it  is  found  to  scale  1  foot  7  inches, 
while  the  specifications  require  a  measurement  of  2  feet 
5  inches  along  this  line.  Assuming  that  the  points  c  and/ 
remain  where  they  are,  it  follows  that  the  points  ^and  // 
must  be  separated  sufficiently  to  comply  with  the  specifica- 
tions. This  amount  is  the  difference  between  2  feet 
5  inches  and  1  foot  7  inches,  or  10  inches.  Accordingly, 
the  points^'  and  h'  are  laid  off  in  the  plan  as  shown,  thus 
fixing  the  points  for  the  projection  of  the  side  elevation. 
The  remaining  points  /  and/  may  now  be  moved  along  ver- 
tical lines  a  similar  distance;  or,  if  desired,  the  new  miter 
line  may  be  drawn  freehand,  being  made  to  approach  the 
point/'  of  the  plan  by  an  easy  and  gradual  curve,  not  un- 
like that  shown  in   Fig.    42.     The   horizontal   center   line 
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shown  in  Fig.  42  should  now  be  drawn  through  the  plan 
and  the  side  elevation  projected.  It  will  be  seen  that  the 
act  of  moving  the  points^,  i,  and/ has  not  affected  the  end 
elevation,  since  the  movement  in  each  case  has  been  made 
along  vertical  lines.  After  the  side  elevation  has  been  pro- 
jected, the  surface  of  the  transition  piece  in  that  view  and 
in  the  plan  may  be  divided  into  triangles  for  the  purpose  of 
development  by  the  customary  method  of  drawing  lines 
between  successive  points  on  the  outlines  of  both  bases. 
The  true  lengths  of  these  lines  are  then  determined  from  a 
diagram  of  triangles  in  the  manner  shown. 

Before  the  pattern  for  the  surface  of  the  transition  piece 
can  be  laid  out,  the  pattern  for  the  opening  in  the  inter- 
sected cylinder  must  be  developed.  This  is  necessary  in 
order  to  obtain  the  true  lengths  of  the  distances  between 
points^',  i\j\  andy  in  the  plan.  This  pattern  is  shown 
at  (^),  and  is  laid  out  by  the  parallel  method.  It  is  first 
necessary,  however,  to  allow  for  thickness  of  material ;  ac- 
cordingly, the  arc  edf  in  the  end  elevation  must  be  meas- 
ured in  order  to  ascertain  what  fractional  part  of  the  entire 
circumference  is  represented  in  its  length.  On  spacing  its 
length  with  the  dividers  and  laying  off  a  similar  distance 
along  the  straight  line  M N^  it  is  found  to  scale,  approxi- 
mately, 33.5  inches.  Since  the  full  circumference  of  a 
circle  2  feet  8  inches  in  diameter  is  100.5  inches,  and  since 
seven  times  f  inches,  or  ^-^  inches,  is  allowed  for  the  thick- 
ness of  material  in  the  entire  cylinder,  it  is  evident  that 

33.5 

'     ,  or  about  one-third  of  ^  inches,  which  is  equivalent 

to  1^  inch,  is  needed  for  the  allowance  in  the  arc  edf.  This 
amount  is  added  as  shown  at  Fig.  42  (^),  and  the  resulting 
stretchout  M N'  is  then  copied  at  (a)  for  the  development 
of  the  pattern  for  the  opening.  The  spaces  for  the  lower 
base  of  the  transition  piece  required  for  the  construction  of 
the  triangulation  development  at  {d)  are  to  be  taken  from 
the  outline  of  the  pattern  at  {a) ;  and,  as  shown  at  (r),  an- 
other stretchout  must  be  laid  out  in  order  to  ascertain  the 
allowance  for  thickness  of  material  required  at  the  upper 
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base.  These  constructions  having  already  been  explained 
need  not  be  further  exemplified  here.  The  pattern  at  (d) 
is  now  to  be  constructed  by  the  triangulation  method 
already  familiar  to  the  student.  A  correct  model  will  be 
found  to  coincide  exactly  with  the  preceding  specifications. 


PROBLEM  59. 

21.  To  develop  the  patterns  for  a  pyramid  Inter- 
sected by  a  cylinder. 

Explanation. — The  relative  situation  of  the  two  solids 
whose  development  is  to  be  undertaken  in  this  problem  is 
shown  in  perspective  in  Fig.  43.  A 
quadrangular  pyramid,  whose  sides 
form  an  angle  of  30°  with  its  axis 
and  whose  base  is  to  be  represented 
in  the  plan  by  a  square  measuring 
16  inches  on  a  side,  intersects  a  cyl- 
inder 10  inches  in  diameter  in  such 
a  manner  that  the  axes  of  the  two 
solids  coincide.  Examples  of  such 
constructions    are    occasionally  en-  ^'^  ^^' 

countered  in  the  cases  of  small  stacks  or  in  the  construc- 
tion of  hoods  provided  with  cylindrical  outlets.  As  in  nearly 
every  pattern  development,  the  principal  feature  of  the 
drawing  consists  in  first  correctly  ascertaining  the  true 
position  of  the  line  of  intersection  between  the  two  solids. 
After  this  line  has  been  found,  the  development  of  the 
cylinder  is  easily  made  in  accordance  with  the  parallel 
method  and  of  the  pyramid  by  the  radial  method.  The 
drawings  are  to  be  made  to  a  scale  of  1^  inches  to  the  foot. 

Construction. — Draw  the  plan  first,  in  accordance  with 
the  dimensions  previously  given,  as  shown  in  Fig.  44.  The 
outlines  of  the  pyramid  are  next  projected  to  the  elevation, 
where  they  are  extended  to  the  vertex  O.  The  lateral  out- 
lines of  the  cylinder  are  also  projected  in  the  elevation; 
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next,  in  the  plan,  the  circle  that  represents  the  outline  of 
the  cylinder  is  divided,  by  spacing,  into  a  convenient  num- 
ber of  equal  parts.     These  spaces  should   be  so  arranged 


Pig.  44. 


that  points  will  fall  on  the  outline  of  the  circle  at  the  cross- 
ing ])oints  of  the  edges  of  the  pyramid;  this  result  will  be 
accomplished  if  the  circumference   is  divided,  as  shown  in 
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Fig.  44,  into  sixteen  equal  spaces.  The  points  of  the  plan 
indicated  by  the  letters  a,  b,  and  c  are  next  projected  to 
their  respective  places  on  the  outline  of  the  pyramid  in  the 
elevation  at  a\  b\  and  c  .  Through  points  at  the  intersec- 
tion of  horizontal  projectors  from  b'  and  c'  with  vertical 
projectors  drawn  from  the  plan,  the  curved,  line  of  inter- 
section, shown  on  the  front  surface  of  the  pyramid,  is 
next  drawn.  The  development  of  the  surface  of  the  inter- 
secting cylinder  is  then  made  in  the  usual  way  by  the  paral- 
lel method,  as  in  Fig.  44  {a). 

The  development  of  the  surface  of  the  pyramid,  as  shown 
at  (^),  is  obtained  by  the  radial  method.  Its  surfaces 
should  first  be  laid  off  in  the  pattern  as  though  the  develop- 
ment of  the  entire  pyramid  were  required;  a  separate 
operation  is  then  necessary  to  determine  the  outline  at  the 
upper  portion  of  the  solid — that  is,  at  the  intersection  with 
the  cylinder — as  will  be  immediately  explained.  From  the 
points  ^,  b,  and  c  of  the  plan,  or  from  any  similarly  situated 
points  on  the  outline  of  the  cylinder,  perpendiculars  are  to 
be  drawn  to  the  nearest  base  line  of  the  pyramid,  as  cx^  by^ 
etc..  Fig.  44.  •  The  points  ;r,  y^  and  z  are  then  located  in  the 
drawing  at  (b)  by  transferring  with  the  dividers  the  dis- 
tances e  z^  e y,  and  c  x  from  the  plan  to  their  corresponding 
positions  at  /  z" ^  ^' y",  and  e'  x'.  This  work  would  naturally 
be  required  on  each  of  the  surfaces  of  the  pyramid,  since  it 
is  clear  from  the  projection  drawings  that  the  amount  of 
intersection  on  each  surface  is  equal  to  that  on  the  others; 
but  the  process  may  be  somewhat  shortened  if  these  spaces 
are  transferred  to  but  one  of  the  surfaces,  as  shown  in  the 
drawing  at  {b).  Accordingly,  perpendiculars  to  the  base 
line  of  the  pattern  are  erected  at  the  points  ^',  y",  x\  and 
at  the  two  similar  points  above.  Points  through  which  the 
curved  outline  of  the  pattern  may  then  be  traced  are  de- 
termined by  making  x'  c"  at  {p)  equal  to  the  distance  x^  c' 
of  the  elevation,  y'  b"  at  (b)  equal  to  x^  b'  of  the  elevation, 
etc.  If  the  figure  has  been  accurately  drawn,  the  distance 
x'  a'  of  the  elevation  will  be  found  to  coincide  exactly  with 
the  length  of  the  perpendicular  erected  at  z",  as  defined  by 
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its  intersection  with  the  edge  line  O'  e\  In  order  to  trans- 
fer the  positions  a\  b\  and  c"  to  their  corresponding  loca- 
tions on  the  remaining  surfaces  of  the  pyramid,  arcs  may 
conveniently  be  described  from  O'  as  a  center  an^  with 
radii  O'  a\  O'  b\  and  O'  c\  as  shown.  The  positions  of 
these  points  may  then  be  determined  by  stepping  off  dis- 
tances with  the  dividers  from  the  various  edge  lines  of  the 
pyramid  and  the  desired  curves  traced  through  the  points 
thus  located. 


PROBUSM  60. 

82.     To  develop  the  patterns  for  an  octagronal  urn. 

Explanation. — A  perspective  view  of  this  urn  is  given 
in  Fig.  45,  and  while  the  class  of  work  it  represents  more 

properly  belongs  under  the  general 
subject  of  molding  developments, 
other  workers  in  sheet  metal  are 
occasionally  required  to  obtain  the 
patterns  for  such  forms.  The  prin- 
ciples used  in  the  construction  of 
these  patterns  are  merely  those  of 
the  parallel  method,  and,  in  the 
drawing  of  the  required  views,  the 
student  will  obtain  desirable  prac- 
tice that  cannot  fail  to  be  of  assist- 
ance to  him  in  his  daily  work.  The 
case  in  hand  represents  an  octagonal 
urn,  but  from  the  description  given, 
it  will  be  made  clear  that  with  slight 
modifications  of  the  drawing,  a 
figure  of  any  desired  number  of  sides  can  easily  be  pro- 
duced. The  drawings  for  this  problem  may  be  made  to  a 
scale  of  3  inches  to  the  foot.  The  heights  shown,  respect- 
ively, at  A,  B,  and  C,  Fig.  46,  are  4,  7,  and  5  inches;  and 
the  widths  represented  by  the  dimensions  E^  F^  and  G  are 
11,  5,  and   10  inches.      The  outlines  for  the  figure  in  the 
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elevation  are  to  be  drawn  freehand,  after  the  principal 
dimensions  given  are  laid  off,  and  they  should  approximate 
the  curves  in  the  perspective  view  as  closely  as  possible. 
This  construction  should  be  carefully  followed,  since  the 
principles  contained  are  important  to  the  student  and  are 
in  frequent  use  in  a  variety  of  the  sheet-metal-working 
trades. 

Construction. — Draw  the  vertical  center  line  for  the 
projection  of  the  plan  and  the  elevation,  as  shown  in  Fig.  46, 
and  then  construct  the  octagon 
shown  in  the  plan  in  accordance 
with  the  greatest  width  men- 
tioned in  the  specifications;  that 
is,  its  diameter  must  be  11  inches, 
as  measured  on  a  horizontal  or 
on  a  vertical  center  line.  The 
elevation  may  then  be  drawn  as 
before  directed,  although  the 
square  members  of  the  urn  may 
be  drawn  by  the  aid  of  the 
Tsquare  and  triangles.  Only  the 
outlines  of  the  elevation  should 
be  drawn  by  this  method,  since 
the  miter  lines  shown  in  the  cen- 
tral portion  of  the  view  in  Fig.  46 
are  to  be  drawn  through  points 
projected  in  a  particular  man- 
ner. In  actual  shop  practice, 
these  lines — which  are  really 
foreshortened  miter  lines — are 
usually  omitted,  since  they  con- 
tribute in  no  way  to  that  part 
of  the  drawing  needed  for  the 
development  of  the  pattern. 
Each  angle  of  the  octagonal  fig- 
ure in  the  plan  is  next  bisected, 
and  the  bisectors  produced  until  they  meet  in  the  center  of 
the  octagon.     The  curved  portions  of  the  outline  on  one 


Fig.  46. 
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side  of  the  elevation  may  now  be  divided,  by  spacing,  into 
any  convenient  number  of  equal  parts,  as  shown  in  Fig.  46, 
and  projectors  drawn  to  the  line  aboi  the  plan.  Horizontal 
projectors  from  these  same  points  in  the  elevation  are  also 
drawn  across  the  surface  of  that  view.      Next,  projectors 

parallel  to  b  d  are  drawn 
in  the  plan  from  points 
on  the  line  ^^  to  corre- 
sponding positions  on  the 
lines  c  d  and  e  f.  The 
foreshortened  miter  lines 
are  then  drawn  in  the 
elevation  through  inter- 
sections of  the  horizon- 
tal projectors  previously 
mentioned  with  projec- 
tors drawn  from  the 
points  of  the  plan  on  the 
lines  r^ and  ^/".  The  ele- 
vation shown  in  Fig.  46 
is  thus  completed,  and  it 
should  be  noted  by  the 
student  that  a  similar 
process  must  be  followed 
in  all  cases  where  a  pro- 
jection drawing  requir- 
ing the  representation 
of  foreshortened  miter 
lines  is  to  be  produced. 
As  already  mentioned, 
however,  the  draftsman 
that  wants  pattern  devel- 
opments merely  seldom 
goes  through  the  rather 
extended  operations  that 
have  just  been  described.  The  customary  shop  drawings 
are  shown  in  Fig.  47,  and  their  connection  with  the  projec- 
tions just  drawn  will   be  apparent   to  the  student  after  a 
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little  study.  The  center  line  shown  in  Fig.  47  is  first 
drawn,  and,  in  order  to  avoid  confusion  arising  from  a 
number  of  lines  crossing  one  another  on  the  drawing,  the 
elevation  of  the  urn  is  conveniently  separated  into  two 
segments  designated,  respectively,  Profile  No.  1  and  Pro- 
file No.  2,  Fig.  47.  It  will  be  seen  from  Fig.  46  that  the 
urn  IS  composed  of  eight  segments,  each  segment  being 
represented  in  the  plan  by  the  amount  of  material  in- 
cluded within  the  sides  of  one  of  the  angles  at  the  cen- 
ter of  the  octagon;  that  is,  within  one  of  the  angles  hob^ 
aog,  etc.  Since  these  angles  are  all  alike,  it  is  clear 
that  for  the  development  of  the  pattern  it  will  be  neces- 
sary to  produce  but  one  of  them  in  Fig.  47,  and  from 
instruction  already  given  under  the  heading  **  Development 
by  Parallel  Lines "  in  Development  of  Surfaces,  it  will  be 
further  seen  that  the  angle  represented  in  Fig.  47  must 
be  in  the  position  shown  at  a  o  g.  For  the  purpose  of 
simplifying  the  drawing,  three  of  these  angles  may  be 
copied  from  Fig.  46  and  placed  in  the  relative  positions 
shown  in  Fig.  47.  Note  that  one  of  these  angles  is  placed 
above  and  one  below  the  drawing  of  Profile  No.  1  in 
order  to  avoid  the  complication  that  would  ensue  from 
the  crossing  of  edge  lines  in  that  view.  After  the  pro- 
files have  been  drawn  as  shown  and  the  angles  drawn 
in  their  proper  positions,  the  student  is  ready  for  the 
development  of  the  different  surfaces,  and  the  stretch- 
outs may,  accordingly,  be  laid  off  from  spaces  taken  from 
the  respective  outlines.  Edge  lines  are  then  drawn  in 
the  pattern  and  developers  are  carried  from  points  on  the 
sides  of  the  angles  determined  by  projectors  from  the 
profiles,  in  the  manner  shown.  The  work  is  precisely 
the  same  as  has  already  been  fully  explained  in  connec- 
tion with  preceding  problems  and  need  not  be  further 
dwelt  upon.  The  patterns  for  the  respective  segments 
are  shown  at  {a),  {b),  and  {c),  and  the  student  will  under- 
stand, from  an  examination  of  the  plan  in  Fig.  46,  that 
eight  pieces  of  each  development  will  be  required  for  the 
construction  of  the  finished  urn. 
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DRAWTN^G  PLATE,  TITLE:  EXAMINA- 
TION PLATE  III. 

23.  This  plate  is  to  contain  the  projections  and  develop- 
ments necessary  for  the  construction  of  a  collector  for  sha- 
vings or  dust,  such  as  would  be 
required  at  the  outlet  of  a  system 
of  blowpiping  in  a  mill  or  large 
factory.  The  different  styles 
of  collectors  in  use  are  made  in 
a  large  number  of  forms,  in  order 
to  meet  all  requirements  of  the 
different  materials  that  are  to  be 
carried  away.  These  contri- 
vances are  sometimes  so  small 
that  they  can  be  built  of  a  com- 
paratively light  gauge  of  gal- 
vanized sheet  iron;  in  other 
instances,  as  in  the  case  of  the 
**dust  catchers  "  used  for  smelt- 
ers and  other  reduction  fur- 
naces, they  are  often  15  to  20  feet 
in  diameter  and  are  built  of 
f-inch  or  ^-inch  boiler  plate. 

In  general  appearance,  as 
shown  in  Fig.  48,  they  consist  of 
an  upright  prism-like  body — 
either  cylindrical  or  rectangular 
in  form — capped,  or  roofed,  with  ^*°-  ^®- 

a  conic  hood,  into  the  curved  sides  of  which  the  products 
from  the  blast  system  are  discharged,  usually  by  means  of 
an  intersecting  cylindrical  pipe.  This  conic  roof  terminates 
at  the  top  in  a  vent  pipe,  which  is  carried  to  an  elevation 
sufficiently  high  to  prevent  the  escape  of  the  dust  or  sha- 
vings conveyed,  but  which  tends  to  relieve  the  pressure  in 
the  body  of  the  receptacle,  caused  by  the  blower.  An  inner 
cone — sometimes  a  series  of  inner  cones — is  inserted  below 
the  opening  of  the  vent  pipe,  for  the  purpose  of  offering 
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further  impediments  to  the  escape  of  the  contents.  In  order 
to  facilitate  the  cleaning  of  the  collector,  a  slanting  bottom 
is  provided  that  has  its  opening  usually  closed  by  a  cast- 
iron  door  whose  frame  is  set  in  the  brickwork  of  the  foun- 
dation. 

A  very  good  idea  of  the  proportions  generally  adopted 
may  be  gathered  from  the  drawing  in  Fig.  48,  although,  as 
previously  stated,  these  proportions  may  be  varied  to  suit 
the  requirements  of  special  conditions.  The  drawings  for 
this  plate  are  to  be  constructed  to  a  scale  of  ^  inch  to  the 
foot,  and  in  accordance  with  the  dimensions  here  given. 
As  may  be  seen  from  Fig.  48,  the  lower  portion  of  the  body 
of  the  collector  is  rectangular  in  form,  and  is  to  be  repre- 
sented in  the  plan  by  a  square  that  measures  11  feet  on  a 
side.  The  height  of  this  section  is  8  feet,  and,  as  may  be  seen 
from  the  reduced  copy  of  the  plate,  may  be  represented  in 
the  drawing  by  means  of  dimension  figures  placed  on  a 
comparatively  small  distance  in  the  elevation.  Since  the 
true  height  is  not  shown  in  the  projections,  the  wavy  or 
broken  lines  should  be  drawn,  as  already  explained  in  Prac- 
tical Projection.  The  door  through  which  the  contents  of 
the  collector  are  to  be  removed  is  4  feet  in  width  and 
4  feet  6  inches  in  height,  and  is  placed  18  inches  to  tbe  left 
of  the  square  in  the  plan;  in  the  elevation,  the  top  of  the 
door  is  represented  as  being  3  feet  below  the  bottom  edge 
of  the  square  section.  By  the  aid  of  these  dimensions,  the 
student  will  be  able  to  construct  the  drawings  for  the  irreg- 
ularly shaped  solid  that  forms  the  lower  portion,  or  base,  of 
the  collector.  Since  the  space  on  the  plate  is  somewhat 
limited,  only  one-half  of  the  plan  need  be  drawn.  The 
lower  half  is  the  one  most  conveniently  represented,  and 
the  plan  should  be  finished  at  the  upper  side  by  a  broken- 
and-dotted  line,  plainly  marked  **  center  line." 

24.  A  cylinder  8  feet  in  diameter  and  10  feet  in  height 
forms  the  central  portion  of  the  body.  The  lower  edge  of 
this  cylinder  is  placed  2  feet  6  inches  above  the  rectangular 
portion,   and,  as   shown   in   the  plan,    the  centers  of  both 
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solids  coincide.  A  tapering  transition  piece,  of  the  height 
previously  mentioned,  is  required  between  the  rectangular 
solid  and  the  cylinder,  and  is  to  be  represented  in  the  eleva- 
tion as  indicated  in  the  reduced  copy  of  the  plate.  A  cone, 
whose  sides  flare  at  an  angle  of  60®  with  the  horizontal,  i^ 
placed  on  top  of  the  cylindrical  section,  and  the  cone  is 
joined  at  the  top  by  a  vent  pipe  24  inches  in  diameter. 
Since  the  axes  of  the  vent  pipe  and  of  the  cone  coincide, 
the  line  of  intersection  between  the  two  solids  will,  of 
course,  be  represented  by  a  horizontal  line  on  the  elevation. 
The  vent  pipe  is,  at  the  upper  end,  capped  by  an  Emerson 
ventilator  of  the  proportions  already  given  in  a  preceding 
problem,  while  below  the  vent  pipe,  in  the  interior  of  the 
collector,  a  deflector  is  formed  by  a  cone  2  feet  6  inches  in 
diameter  at  the  base,  with  sides  tapering  at  an  angle  of  46°, 
so  placed  as  to  admit  of  the  free  passage  of  two-thirds  of  the 
amount  of  air  carried  by  the  vent  pipe. 

The  inlet  to  the  collector  is  through  a  horizontal  pipe 
3  feet  in  diameter,  whose  axis  intersects  the  cone  at  a  point 
2  feet  6  inches  vertically  above  the  base.  This  inlet  pipe  is 
so  placed  with  relation  to  the  cone  that,  when  shown  in  a 
side  elevation,  its  outline  will  lie  wholly  within  that  of  the 
cone  and  at  one  point  will  be  tangent  to  a  lateral  outline  of 
the  cone.  The  details  of  this  position  are  sufficiently  shown 
in  the  reduced  copy  of  the  plate  to  enable  the  student  to 
construct  the  required  drawings. 

26,  The  elevation  and  the  half  plan  are  first  to  be  drawn, 
and  in  the  construction  of  the  elevation,  it  will  be  noted 
that  the  dimensions  of  the  height  of  the  central  cylindrical 
section,  as  well  as  that  of  the  vent  pipe,  may  be  represented 
by  the  same  means  employed  in  the  case  of  the  lower  rec- 
tangular section — that  is,  by  broken  or  wavy  lines  through 
the  elevation,  assisted  by  dimension  figures.  The  line  of 
intersection  between  the  cone  and  the  inlet  pipe  should  be 
carefully  worked  out.  To  assist  in  this  operation,  a  partial 
side  elevation  will  be  required,  and  for  the  purpose  of  avoid- 
ing   complications    in    the    plan,    a    partial    plan    may    be 
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constructed  in  the  space  over  the  right-hand  portion  of  the 
regular  plan,  as  shown  in  the  reduced  plate. 

After  the  projection  drawings  have  been  completed  on 
the  plate,  the  developments  mentioned  in  the  following  list 
are  to  be  drawn  by  the  student.  A  good  idea  of  the  gen- 
eral arrangement  of  the  patterns  may  be  obtained  from  an 
inspection  of  the  reduced  plate,  but  the  student  should 
endeavor  to  construct  his  work  with  as  little  reference  to 
the  printed  copy  as  possible.  Do  not  erase  your  construc- 
tion lines.  In  the  arrangement  of  the  developments  on 
this  plate,  the  student  may  place  his  views  and  construc- 
tions wherever  they  are  most  conveniently  drawn.  This 
method  of  arrangement  is  generally  followed  by  pattern 
draftsmen,  since  it  occasionally  avoids  extra  work  on  their 
part;  accordingly,  whenever  a  certain  line  of  either  the  plan 
or  the  elevation  may  be  utilized  as  a  construction  line  in 
thfe  pattern,  it  may  be  taken  advantage  of  to  save  work. 

26.  As  in  the  case  of  the  two  preceding  examination 
plates,  a  description  of  the  various  constructions  is  also  to 
be  added — this  time  in  the  lower  right-hand  corner.  The 
different  portions  of  the  drawing  are  to  be  referred  to  in  the 
following  manner: 

Plan. 

Elevation. 

Pattern  for  segment  of  transition  piece. 

Pattern  for  inlet  pipe. 

Pattern  for  opening  in  upper  cone. 

Pattern  for  deflector  hood. 

Patterns  for  Emerson  head. 

Patterns  for  lower  chute  section. 

i  inch  to  the  foot. 

The  method  employed  for  ascertaining  the  true  lengths 
of  the  elements  of  the  scalene  cone  in  the  transition  piece  is 
somewhat  different  from  that  heretofore  described,  but  the 
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student  should  be  able  to  understand  the  process  by  the  aid 
of  the  reduced  drawing  on  the  printed  plate.  In  working 
out  the  line  of  intersection  in  the  elevation  between  the 
cone  and  the  inlet  pipe,  a  partial  view  of  the  plan  of  the  cone 
will  be  required,  as  already  mentioned;  this  view  is  shown 
at  (r)  and  is  merely  copied  from  that  projected  from  the 
side  elevation,  but  the  student  should  be  careful  to  transfer 
the  distances  in  their  correct  relative  positions.  If  he  is 
careful  to  observe  the  rules  and  statements  laid  down  in  the 
elementary  instruction  of  this  Course,  he  will  have  no  diffi- 
culty in  making  the  drawings  as  required. 

No  specifications  for  the  thickness  of  material  used  in  the 
construction  of  this  dust  collector  are  given.  It  would 
naturally  follow  that  in  a  form  of  this  size,  material  of 
nothing  less  than  ^  inch  in  thickness  would  be  used ;  but  since 
the  method  of  providing  such  allowances  as  would  be  re- 
quired has  been  fully  shown  in  some  of  the  preceding  prob- 
lems, this  consideration  may,  in  the  present  case,  be  disre- 
garded. The  student  will  understand,  however,  that  in  the 
actual  construction  of  full-sized  working  drawings,  due 
allowance  for  this  purpose  should  be  provided. 


A    I  [.—SO 
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ENTRODTJCTION. 

1«  Ilea4SOiis  for  Acqulringr  a  Knoi;rledgre  of  the  Prin- 
ciples of  Architecture. — The  artisan  employed  in  the  con- 
struction of  architectural  work,  whether  of  brick,  stone, 
wood,  or  sheet  metal,  should  possess  a  certain  amount  of 
general  information  in  regard  to  the  proportions  properly 
maintained  between  the  several  parts  of  the  structure.  He 
should  inform  himself  of  the  principles  by  means  of  which 
pleasing  effects  caused  by  the  assemblage  of  unequal  parts 
in  the  dependent  portions  of  a  design  are  united  into  a  com- 
plete and  characteristic  whole.  In  order  to  be  able  to  ac- 
complish this  result  successfully,  the  student  must,  in 
addition  to  the  mere  knowledge  required  to  reproduce  such 
forms  on  the  drawing  board,  be  possessed  of  general  infor- 
mation as  to  the  proper  distribution  and  symmetry  neces- 
sarily maintained  in  the  correlated  parts  of  a  design.  It  is 
not  to  be  expected  that  the  draftsman  employed  in  erecting 
new  buildings  or  in  making  radical  changes  in  the  exterior 
appearance  of  older  structures  will  be  held  accountable  for 
strict  conformity  to  the  relations  of  the  various  parts  of  the 
building  as  they  have  been  interpreted  by  the  great  Masters 
in  the  art  of  Architecture.  Nevertheless,  it  cannot  be 
denied  that  a  thorough  knowledge  of  the  elements  of  archi- 
tectural design  is  of  the  most  possible  benefit  to  the  worker. 
He  is  thus  enabled  to  become  a  far  more  efficient  assistant 

§20 
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in  the  successful  working  out  of  an  architect's  plans  than 
his  fellow-worker  ignorant  of  classic  requirements  who  fol- 
lows out  in  a  purely  mechanical  way  the  drawings  furnished 
for  any  particular  case. 

3,  Duties  of  the  Architect. — The  services  of  a  profes- 
sional architect  are  usually  engaged  when  work  of  any  mag- 
nitude is  undertaken.  With  him  rests  not  only  the  entire 
responsibility  for  the  execution  of  the  design,  for  in  super- 
vising the  construction  his  duties  require  him  to  see  that 
the  work  is  carried  out  in  accordance  with  its  requirements, 
but  he  is  also  expected  to  be  thoroughly  informed  as  to 
questions  involving  the  strength  of  materials,  together  with 
such  other  matters  as  will  enable  him  to  cope  with  problems 
of  what  is  technically  termed  Architectural  Engineering. 
In  order  to  guard  against  the  erection  of  insecure  structures 
by  incompetent  persons,  many  of  our  large  cities  have  or- 
dinances requiring  individuals  that  would  practice  the  pro- 
fession of  architecture  to  undergo  an  examination  in  regard 
to  their  proficiency.  The  certificate  of  the  examining  board 
must  first  be  obtained  before  the  architect  is  eligible  to 
practice.  Notwithstanding  these  restrictions  in  the  larger 
cities,  owners  of  property  elsewhere  frequently  undertake 
the  erection  of  comparatively  large  structures  without  em- 
ploying the  services  of  either  a  consulting  or  a  supervising 
architect.  Especially  is  this  the  case  in  the  smaller  cities 
and  country  towns.  The  owner  consults  contractors  in  the 
different  lines  of  building  materials,  perhaps  without  having 
at  first  any  well-defined  ideas  of  the  final  appearance  of  the 
building,  and  thus  depends  largely  on  the  judgment  and 
creative  powers  of  the  different  craftsmen  with  whom  he 
deals.  Or,  possibly,  the  owner  has  seen,  in  different  build- 
ings to  which  his  attention  has  been  directed,  elements  of 
beauty  that  have  appealed  to  his  fancy  and  that  he  has  de- 
cided must  be  incorporated  in  the  proposed  new  building. 
In  the  vast  majority  of  such  cases  one  needs  not  to  be  told, 
as  he  beholds  the  finished  structure,  that  no  architect  has 
been  employed.     The  building  itself  gives  ample  evidence 
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that  such  has  been  the  case,  and  the  owner — well,  he  is  sat- 
isfied, for  he  has  succeeded  in  getting  a  lintel  cornice  like 
Smith's,  columns  like  Brown's,  window-caps  like  Jones',  and 
a  main  cornice  like  that  on  a  particular  building  in  Third 
Street.  The  Third-Street  building  in  question  was  a  one- 
story  affair  and  the  one  erected  by  this  owner  was  four 
stories  in  height,  but  this  circumstance  was  not  allowed  to 
stand  in  the  way  of  copying  the  cornice  design.    The  owner 
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wanted  that  particular  cornice  for  his  building — and  got  it; 
the  result,  as  seen  in  Fig.  1,  being  not  unlike  that  produced 
by  a  corpulent  middle-aged  gentleman  forced  to  wear  a  hat 
several  sizes  too  small  for  him,  and  originally  intended  for  a 
small  boy — not  to  speak  of  other  incongruities  in  his  personal 
appearance  due  to  an  assemblage  of  garments  each  familiar 
at  remote  and  widely  separated  periods  of  the  world's  his- 
tory. When  the  owner  is  willing  to  entrust  his  interests  to 
an  intelligent  and  trustworthy  architect,  however,  he  may 
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be  reasonably  certain  that  such  monstrosities  as  we  have 
mentioned  will  be  avoided.  In  the  majority  of  cases,  the 
comparatively  small  fee  charged  by  the  professional  archi- 
tect will  prove  a  wise  investment,  and  will  serve  to  silence 
much  unfavorable  comment  that  would  otherwise  be  heard 
in  circles  where  the  general  appearance  of  the  building  is 
under  discussion. 

3.  The  Draftsman  and  Desigrner  as  a  Contractor's 
Assistant. — Since  it  is  true  that  in  the  majority  of  build- 
ings constructed  throughout  our  country,  no  architect  is 
employed,  it  becomes  apparent  that  an  immense  advantage 
is  possessed  by  the  contractor  that  is  able  to  count  among 
his  employes  one  capable  of  producing  an  artistic  design. 
While  most  owners  that  erect  buildings  without  consulting 
an  architect  have  distinct  and  well-grounded  ideas  of  the 
desired  plan  and  general  arrangement  of  the  rooms  in  a  pro- 
posed structure,  they  are  usually  open  to  conviction  when 
they  consider  its  exterior  appearance.  In  such  cases,  the 
successful  competitor  for  the  work  is  often  one  that  has  sub- 
mitted a  pleasing  design  for  the  owner's  consideration.  In 
order  to  be  able  to  do  such  work  intelligently,  the  drafts- 
man should  be  informed,  not  only  as  to  the  ways  and  means 
of  producing  a  finished  drawing,  but  he  should  be  in  posses- 
sion of  a  knowledge  of  the  fundamental  principles  that 
govern  the  different  architectural  constructions,  the  usual 
proportions  maintained  between  the  different  parts  of  the 
structure,  and  general  information  and  an  acquaintance 
with  the  classic  orders  of  architecture,  together  with  their 
distinguishing  features.  Equipped  with  this  knowledge  the 
artisan  becomes  not  only  capable  of  intelligently  directing 
the  choice  and  selection  of  the  class  of  owners  previously 
referred  to,  but  a  far  more  efficient  worker  and  a  more  in- 
telligent assistant  to  the  architect  when  engaged  on  work 
under  his  immediate  supervision. 

4,  The  Cause  of  Some  Offending  Structures. — As  a 

natural  result  of  failure  to  consult  a  competent  architect  or 
to  entrust  the  design  of  the  structure  to  a  person  well  skilled 
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in  the  knowledge  we  have  already  stated  as  fundamental, 
creations  that,  considered  from  an  architectural  standpoint, 
may  be  truly  said  to  be  ** fearfully  and  wonderfully  made" 
are  to  be  seen  in  nearly  every  locality.  Such  buildings 
serve  as  perpetual  and  hideous  examples  of  what  the  un- 
trained hand  of  the  mechanic  is  capable  of,  although,  as 
we  have  already  indicated,  the  blame  cannot  always  be  laid 
at  the  door  of  the  worker.  A  building  thus  constructed 
offends  the  eye  of  the  cultivated  architectural  student  and 
calls  forth  much  adverse  criticism  from  others  who,  while 
not  themselves  able  to  locate  the  cause  of  the  inharmonious 
effect,  yet  recognize  in  the  ungainly  appearing  structure 
certain  discordant  elements  whose  flagrant  inconsistency 
with  their  surroundings  they  cannot  avoid  noticing.  Indeed, 
in  the  majority  of  such  cases,  it  is  not  difficult  to  find  among 
the  local  artisans  some  one  that,  in  his  ignorance  of  the 
eternal  fitness  of  things,  is  pleased  to  point  with  pride  at  dif- 
ferent portions  of  the  outlandish  travesty  and  say,  **  I  made 
it."  Unfortunately,  the  appearance  of  such  structures  can- 
not be  altered  unless  at  the  expenditure  of  much  money,  and 
so  they  are  allowed  to  stand  as  hideous  disfigurations  of  the 
landscape  until  an  opportune  fire  obliterates  them. 

No  hard  and  fast  rules  can  be  laid  down  to  be  adhered 
to  strictly  in  any  and  all  cases,  but  if  the  worker  is  duly 
informed  as  to  the  correct  interpretation  of  the  different 
architectural  orders,  he  will  be  less  liable  to  fall  into  some 
of  the  egregious  blunders  of  which  his  observation  will  have 
little  difficulty  in  finding  examples.  The  practicing  archi- 
tect is  allowed  a  wide  range  of  latitude  for  the  selection  of 
his  subjects,  and  in  the  choice  of  what  is  best  for  any  par- 
ticular purpose  he  is  limited  only  by  the  dictates  of  sound 
common  sense  and  a  wise  desire  to  effect  a  unity  of  parts 
that  will  produce  harmony  in  the  entire  design. 

6.  Scope  of  Subject. — While  no  attempt  is  here  made  to 
produce  a  history  of  architecture  or  to  compile  a  manual  of 
architectural  design,  it  is  proposed  to  indicate  briefly,  by 
means  of  a  few  representative  examples  selected  from  what 
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may  be  termed  classical  architecture,  such  standard  elements 
of  proportion  and  details  of  construction  as  are  recognized 
by  writers  of  reputed  authority.  This  object  will  be  at- 
tained, perhaps,  in  no  better  way  than  by  a  simple  analysis 
and  examination  of  what  are  known  as  the  five  orders  of 
architecture.  We  propose  to  show,  very  briefly,  however, 
how  the  exigencies  of  the  situation  required  some  distinguish- 
ing characteristic  on  which  to  build,  and  to  point  out  in 
what  manner  the  ancients  grasped  the  existing  conditions 
and  proceeded  to  elaborate  and  embellish  from  time  to  time 
the  necessary  parts  of  the  structure  until  they  produced  the 
several  distinctive  columnar  arrangements  now  referred  to 
as  orders.  When  we  speak  of  an  order  of  architecture,  it  is 
generally  understood  that  the  expression  refers  to  the  sys- 
tematic and  symmetrical  arrangement  of  the  various  parts  of 
a  column,  and  of  the  cornice,  or  entablature,  that  is  supported 
by  the  column.  The  reason  for  this  is  that  the  several  styles 
of  ancient  architecture  found  expression  in  characteristic 
columns,  examples  of  which  are  still  extant.  The  beauty  of 
many  of  these  ancient  structures  has  been  greatly  impaired 
by  the  ravages  of  time  and  by  the  wanton  hand  of  man,  but 
enough  remains  to  enable  us  to  form  an  adequate  idea  of  the 
imposing  grandeur  they  originally  possessed. 

In  addition  to  a  study  of  the  subject  just  mentioned,  the 
student's  attention  will  be  briefly  directed  to  certain  other 
architectural  styles  that  are  best  exemplified  by  the  forma- 
tions of  their  arches.  While  it  is  true  that  such  original 
constructions  were  produced  only  in  stone,  this  subject  will 
prove  of  equal  interest  and  value  to  architectural  workers 
in  all  lines  of  material.  The  requirements  of  today  are  not 
the  same  as  in  the  time  of  our  ancestors.  Durability  is 
often  sacrificed  to  admit  of  the  employment  of  cheaper 
materials,  as  in  the  case  of  the  World's  Fair  at  Chicago  in 
1893;  in  this  instance  the  solid  effects  of  stone  construction 
were  produced  in  a  striking  degree  with  staff  work.  When 
it  is  desired  to  have  greater  permanence  than  this  and  a 
preponderance  of  weight  is  to  be  avoided,  as  in  a  lantern 
for  a  large  dome  or  the  upper  works  of  a  church  tower, 
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modern  machinery  has  rendered  it  possible  for  the  sheet- 
metal  worker  to  supply  material  that,  without  the  slightest 
sacrifice  of  appearances,  will  be  very  durable. 

6.  Historical. — In  its  rudimentary  and  prehistoric  state, 
the  art  of  building  received  but  little  attention  at  the  hands 
of  the  barbarians.  There  can  be  no  doubt  that  the  art 
found  its  origin  in  the  efforts  of  man  to  provide  himself 
with  a  dwelling.  Handicapped  as  he  was  at  the  commence- 
ment of  his  era  by  a  lack  of  knowledge  and  by  the  want  of 
suitable  appliances  wherewith  to  reduce  the  crude  forms  of 
nature  into  the  required  shapes,  it  is  not  surprising  that  he 
sought  a  habitation  in  caves  and  natural  fissures  of  the 
earth.  Man's  inventive  genius,  however,  early  asserted 
itself,  and  we  may  not  unreasonably  assume  that  the  evolu- 
tion of  the  dwelling  from  the  cave  to  the  hut  marked  a 
decided  advance  in  the  progress  of  civilization. 

7.  The  first  attempts  at  stone  construction  appear  to 
have  resulted  in  what  are  known  as  cromlechs,  or  table 
stones.  Fig.  2,  speci-  _ 

mens  of  which  are 
to  be  found  in  India 
and  other  Asiatic 
countries.  These 
relics  of  primeval 
man  are,  however, 
of  little  value  to  the 
architectural  stu- 
dent other  than  that 
they  serve  to  show 
how,  in  the  develop- 
ment of  civilization, 
man  applied  himself 
to  the  decoration 
and  embellishment 
of  existing  forms.  His  first  efforts  were  probably  expended 
in  the  direction  of  a  symmetrical  arrangement  and  grouping 
of  columns,  or  supports.     Next,  following  the  invention  of 
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suitable  tools  for  working  and  dressing  the  different  stones 
of  the  structure,  we  find  that  the  rough  edges  and  faces 
of  the  cromlech  give  place  to  symmetrical  outlines.  Grace- 
ful moldings  are  added  at  the  tops  and  bottoms  of  the 
shafts,  careful  examinations  of  which  reveal  the  fact  that 
the  minutest  care  and  a  precise  mathematical  knowledge 
were  exercised  at  the  time  they  were  planned.  Indeed,  the 
subject  of  moldings  by  itself  forms  a  most  interesting  and 


PlO.  8. 

instructive  study.  Their  origin,  no  doubt,  might  be  traced 
to  the  crude  chamfering  of  a  square  corner,  perhaps  for  the 
purpose  of  removing  traces  of  accidental  chips,  or  spalls. 
The  pleasing  effect  thus  obtained  was  carried  farther  until 
the  useful  and  beautiful  curves  invented  by  the  ancient 
geometers  were  adopted  as  profiles.  The  architecture  of 
different  periods  in  the  world's  history  is  characterized  by 
peculiar  combinations  of  these  curves.  So  well  are  they 
understood  by  close  students  of  the  science,  and  so  strictly 
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were  the  laws  of  proportion  between  the  different  members 
followed,  that  it  is  possible  to  determine  from  an  examina- 
tion of  almost  any  given  part,  not  only  in  what  period  the 
building  was  erected,  but  to  give  a  close  approximation  of 
its  entire  size. 

8,  With  the  progress  of  the  art,  we  find  that  certain 
plane  surfaces,  and  in  some  instances  moldings,  are  enriched 
by  regular  carvings  in  relief,  sometimes  suggestive  of  plant 
life  and  at  other  times  of  geometrical  constructions.  These, 
too,  are  equally  interesting  and  furnish  the  modern  archi- 
tect with  a  wide  field  for  selection.     As  the  genius  of  man 


Fig.  4. 

was  developed,  it  found  expression  in  copying  other  forms 
of  nature,  and  the  human  figure  was  adapted  to  certain 
features  of  architecture,  as  in  the  caryatides  a.  Fig.  3. 
There  is  little  doubt  that  the  efforts  of  the  old  builders  in 
this  direction  were  considerably  hampered  by  restrictions 
that  were  imposed  on  them  by  the  conventionalities  of  their 
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religion,  but  examples  of  medieval  architecture  are  to  be 
found  in  which  the  propensity  to  copy  nature's  forms  has 
been  allowed  full  sway.  Figures  of  man,  beast,  and  bird, 
grotesque  and  natural,  adorn  structures  in  every  conceiv- 
able part  and  contribute  in  no  small  degree  to  the  general 
beauty. 

9.  The  evolution  of  the  entablature  from  the  rough  flat 
stone  seen  in  the  cromlech  to  the  classical  formation  famil- 
iar in  the  Corinthian  order  of  architecture,  with  its  beauti- 
fully wrought  modillions,  its  dentils,  and  its  enriched  courses 
of  moldings,  affords  an  interesting  cour.se  of  study.  A 
handsome  example  of  the  Corinthian  order  may  be  seen  in 
the  illustration  of  the  portico  of  the  Pantheon  at  Rome, 
Fig.  4.  That  this  growth  was  gradual  is  evidenced  by  the 
fact  that  in  the  earlier  orders  attempts  at  producing  what 

might  be  termed  a  bracketed 
effect  are  to  be  seen  in  the  tri- 
glyph  ^,  Fig.  5,  of  the  Doric  order 
of  architecture. 

lO.  The  arch  as  a  conspicu- 
ous feature  of  architecture  ap- 
pears to  have  been  neglected  by 
the  earliest  builders,  perhaps  be- 
cause its  principles  of  construc- 
tion were  not  then  understood. 
Then,  too,  we  have  evidences  that 
wood  was  first  employed  as  a 
building  material,  undoubtedly 
owing  to  the  circumstance  that  it 
is  more  easily  worked.  To  whom 
the  credit  of  this  important  invention  properly  belongs  is 
not  known,  but  the  early  Romans  are  certainly  to  be 
credited  with  having  made  very  important  practical  uses  of 
its  properties.  Indeed,  many  of  their  important  memorial 
productions  consisted  primarily  of  an  arch  of  stupendous 
proportions,  and  the  other  parts  of  the  structure  were  added 
merely  as  decorative  accompaniments.     A  famous  example 


KIG.  6. 


Digitized  by  VjOOQIC 


20 


ARCHITECTURAL  PROPORTION. 


11 


of  this  type  of  construction  is  to  be  seen  in  the  Arch  of 
Constantine,  Fig.  6,  which  has  undoubtedly  been  the  cause 
of  inspiration  for  many  architects  of  our  own  times  that 
have  been  called  on  to  furnish  designs  for  triumphal  arches 
in  different  localities.     Arches  of  various  forms  are  to  be 


Fig.  6. 

encountered  as  distinguishing  features  of  several  styles  of 
architecture.  Without  attempting  to  go  very  deeply  into 
this  interesting  subject,  which  in  itself  should  form  the  basis 
for  much  study  on  the  part  of  the  young  architect,  we  give 
a  few  examples  that  may  serve  to  indicate  the  lines  on  which 
to  make  a  more  thorough  research. 

11.  In  its  first  inception,  the  arch  appears  to  have  been 
employed  in  the  construction  of  vaulted  domes,  of  which 
numerous  examples  are  to  be  found.  Later,  they  were 
introduced  into  the  retaining  walls  of  the  structure,  and  we 
find  them,  finally,  used  in  lieu  of  girders  over  openings 
required  for  entrance  and  for  the  admission  of  light.  The 
pointed,  or  Gothic,  arch.  Fig.  7,  lends  itself  in  a  variety  of 
characteristic  forms  to  several  distinct  styles  of  architec- 
ture, notably  those  of   the    Renaissance   period.     Many  of 
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these  styles  are  distinguished  by  elaborate  ornamentation 

and   rich   carving,    as   in   the   case   of    the   palace   of    the 

Alhambra,  a  building  that 
is  often  cited  as  an  ex- 
ample of  Saracenic,  or 
Arabesque,  architecture. 
Again,  we  find  further 
I  distinguishing  features  in 
i  the  manner  in  which  the 
openings  covered  by  the 
arch  were  subdivided  by 
elaborate  tracery,  often 
bewildering  in  its  intricate 
geometrical  convolutions. 
This  tracery  is  valuable 
to  the  student  of  archi- 
tecture as  furnishing  a 
key  by  means  of  which 
the  date  of  any  particu- 
lar  construction    may   be 

determined.     A  few  important  examples  will  be  considered 

later. 
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13,  We  have  thus  somewhat  briefly  indicated  the  lines 
on  which  the  growth  of  modern  architecture  had  its  begin- 
nings, and  will  now  proceed  to  point  out  more  carefully 
some  characteristic  features  of  particular  cases.  This  we 
can  do  in  no  better  way  than  by  a  study  of  the  five  principal 
orders  of  architecture.  The  remark  that  **  There  is  nothing 
new  under  the  sun,"  is  true  of  no  subject  to  such  an  extent 
as  that  of  architecture.  The  **  Ancient  and  Original  Orders 
of  Architecture  "  are  today  as  much  the  objects  of  admiration 
and  of  emulation  as  when  Sir  Christopher  Wren  planned 
St.  Paul's  Cathedral  and  the  majestic  spire  of  St.  Bride's 
Church  in  Fleet  Street,  London,  or  later,  when  Vignola  and 
Viollet-Le-Duc,  the  great  French  architects  and  writers, 
wrote  their  famous  compositions  that  are  now  recognized  as 
authorities  of  the  standard  of  excellence, 
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13.  Definitions  of  Terms. — Before  proceeding  with  a 
description  of  the  five  orders,  however,  the  student  should 
have  a  distinct  understanding  of  what  is  meant  by  the  term 
order  as  referred  to  the  subject  of  architecture.  As  we  have 
already  indicated  in  the  brief  historical  sketch  of  its  growth, 
the  art  of  architecture  found  expression  in  characteristic 
features  of  the  column  and  in  the  parts  of  a  building  closely 
related  to  the  column.  It  is  possible,  therefore,  to  repre- 
sent nearly  every  important  feature  of  any  architectural 
order  in  such  a  view  as  is  shown  in  Fig.  8,  which  is  a  per- 
spective illustration  of  the  typical  Corinthian  order.  An 
orthographic,  or  true,  projection  of  this  perspective  view  is 
given  in  Fig.  9  in  order  that  its  component  parts  may  be 
seen  to  better  advantage.  As  shown  in  Fig.  9,  an  order  is 
capable  of  division  into  three  principal  parts  indicated,  re- 
spectively, by  the  letters  A^  B^  and  C,  These  principal 
parts,  or  divisions,  are  common  to  all  the  orders,  although 
often  varied  in  proportion  and  in  detail. 

14,  The  stylobate,  as  may  be  seen  from  Fig.  9,  is  that 
portion  included  by  the  dimension  A  which  forms  the  sub- 
structure, or  foundation,  that  supports  the  column.  The 
stylobate  is  usually  wider  than  the  column,  and  its  base 
covers  a  larger  area  in  order  that  the  load  transmitted  by 
the  column  may  be  distributed  properly  in  accordance  with 
the  laws  governing  the  laying  of  foundations. 

16,  The  column  is  that  portion  of  the  order  included 
by  the  dimension  B^  and  is  made  up  of  three  principal  sub- 
divisions, viz.,  the  base  a,  the  shaft  b,  and  the  capital  c. 
The  details  of  these  parts  of  the  columns  are  widely  different 
in  the  several  orders,  as  will  be  more  fully  explained  later  on. 

16.  The  entablature,  represented  by  the  dimension  C, 
Fig.  9,  is  the  superstructure  proper,  and  is,  in  turn,  made 
up  of  three  principal  subdivisions  called,  respectively,  the 
architrave  d,  th^friese  e^  and  th^  cornice  f,  each  of  which 
serves  a  particular  purpose  in  the  structural  and  ornamental 
composition  of  the  entablature. 
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17.  Scales  of  Modules  and  Parts. — Careful  analysis  of 
the  ancient  orders  has  revealed  the  fact  that  arbitrary 
measures  of  proportion  were  used  to  establish  ratios  between 
their  several  divisions  and  members;  that  is,  the  diameters 
of  the  columns  bear  a  certain  relation  to  the  heights  of  each 
of  the  three  principal  divisions,  and,  in  turn,  to  the  different 
members  that  compose  those  divisions.  The  scales  of  pro- 
portion used  in  the  different  orders  are  found  to  be  dissimilar, 
although  the  ancient  builders  adhered  very  closely  to  the 
proportion  of  parts  that  were  established  for  any  particular 
order.  Thus,  the  Doric  temples  of  the  ancient  Greeks, 
although  frequently  differing  in  size,  are  invariably  adapted 
to  the  established  proportions.  Indeed,  it  has  been  said 
that  if  the  diameter  of  a  single  column  were  given  to  two 
individuals  acquainted  with  the  details  of  the  order,  **they 
would  produce  designs  exactly  similar  in  size,  arrangement, 
features,  and  general  proportions,  differing  only,  if  at  all, 
in  the  relative  proportions  of  minor  parts."  This  is  true  of 
the  Doric  order  perhaps  more  than  of  certain  other  orders, 
for  it  is  possible  to  find  exceptions  to  the  general  rule  pre- 
viously given,  and  in  examples  of  later  architecture,  we 
often  find  that  new  proportions  have  been  introduced.  Such 
changes,  however,  do  not  always  redound  to  the  credit  of 
the  architect,  and  before  any  wide  departure  from  accepted 
proportions  is  made,  it  is  well  to  consider  the  effect  very 
carefully.  It  is  a  generally  accepted  fact  that  the  propor- 
tions established  by  the  ancients  cannot  be  improved  upon, 
and  it  is  certain  that  ability  of  a  high  order  is  necessary  to 
the  individual  that  would  attempt  such  changes. 

For  convenience  in  measuring  the  several  parts  of  the 
different  architectural  orders,  one-half  of  the  diameter — 
that  is,  the  radius — at  the  base,  or  widest  part,  of  the  column 
has  been  taken  as  the  measuring  unit,  and  is  called  the 
module,  from  the  Latin  inodus^  meaning  a  measure.  In 
order  to  enable  the  smaller  members  of  the  design  to  be 
suitably  measured,  the  module  has  been  divided  into  30  sub- 
divisions, called  parts.  In  the  illustrations  of  the  orders, 
the  terms  modules  and  parts  are  abbreviated  to  m  and  p. 
.1    y/.— J/ 
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18,  Use  of  Scale  of  Modules  and  Parts. — When  it  is 
desired  to  construct  a  detail  or  a  drawing  for  any  particular 
order  of  architecture,  it  is  first  necessary  to  lay  off  a  scale 
in  accordance  with  the  system  just  explained.  Suppose,  for 
example,  that  a  drawing  is  to  be  made  in  which  the  column 
is  to  be  shown  24  inches  in  diameter.  The  length  of  the 
module  in  this  case  is  12  inches,  or  the  same  as  the  radius 
6f  the  column.  The  length  of  a  part,  therefore,  is  ^  of 
12  inches,  and  is  best  determined  by  laying   off  a  length 
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of  12  inches  in  accordance  with  the  reduced  scale  to  which 
the  drawing  is  to  be  made,  and  subdividing  such  length,  as 
in  Fig.  10.  The  reduced  scale  is  shown  below  the  scale  of 
modules,  and  from  the  drawing  there  shown  it  is  apparent 
in  this  instance  that  a  dimension  of  2  modules  and  15  parts 
is  equivalent  to  2  feet  6  inches;  a  module,  however,  is  not 
always  a  foot  in  length,  as  already  explained.  Any  other 
dimensions,  expressed  in  modules  and  parts,  that  may  be 
required  can  thus  be  directly  referred  to  the  corresponding 
scale  of  inches  when  desired. 

19.  Explanation  of  Technical  Terms. — It  is  important 
that  the  student,  in  order  to  be  able  to  study  the  different 
orders  intelligently,  should  be  familiar  with  the  various 
terms  used  to  describe  particular  parts.  With  the  object  of 
presenting  this  information,  his  attention  is  directed  to 
Fig.  11,  which  is  an  enlarged  drawing  of  the  Corinthian 
order  shown  in  Fig.  9;  in  Fig.  11  the  parts  are  lettered  for 
convenience  of  reference.  The  principal  divisions  into 
stylobate,  column,  and  entablature  are  indicated,  as  before, 
by  the  letters  A^  B,  and  C,  and  the  several  subdivisions  of 
the  column  and  of  the  entablature  previously  mentioned  are 
represented,  respectively,  by  a,  b^  and  c  and  d^  e^  and/! 
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!80.  An  examination  of  the  stylobate  reveals  the  fact 
that  it  is  made  up  of  a  central  square  block  g^  sometimes 
called  the  dado^  square  in  plan  and  ornamented  at  its  upper 
and  lower  extremities  by  a  series  of  moldings.  When  speak- 
ing of  moldings,  it  is  usual  to  use  the  term  member  when 
referring  to  the  separate  surfaces  of  which  any  molding 
may  be  composed.     Any  surface  may  be  referred  to  thus 

J        I 
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whether  it  is  curved  or  flat.  A  wide  flat  member  is  called 
a  fascia,  while  a  flat  narrow  member  is  designated  by  the 
term  flllet,  although  these  terms  are  more  commonly  em- 
I)Ioyed  in  the  case  of  members  whose  surfaces  are  in  a 
vertical  plane.  Members  whose  surfaces  are  curved  are 
also  designated  by  particular  terms;  thus,  the  rounded 
moldings  at  h  are  called  torus  moldlngps,  and  are  repre- 
sented in  a  profile  view  by  a  semicircle.     Moldings  whose 


Fig.  w. 

profiles  are  represented  by  a  quarter  circle  are  termed 
quarter-rounds,  and  are  further  distinguished  by  the 
terms  cove  or  cavetto  if  the  curvature  is  concave,  and  by 
the  term  ovolo  if  the  curvature  is  convex.  When  a  quarter- 
round  molding  is  used  to  finish,  or  terminate,  a  wide  plain 
surface,  as  in  the  case  of  the  frieze  at  ;//,  or  to  **ease"  the 
profile  of  a  shaft,  as  at  ;/,  it  is  frequently  termed  an  escape. 
Certain  moldings  of  double  curvature,  as  those  shown  at  7 
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and  k^  k^  are  often  referred  to  as  cymas,  or  ogee  molding^s ; 
when  the  form  is  as  shown  at/,  the  molding  is  particularly 
known  as  a  cyma  recta,  and  when  the  curve  is  reversed,  as 
shown  at  k^  the  molding  is  called  a  cyina  re  versa. 

Two  other  moldings  not  shown  in  Fig.  11  are  the  echinus, 
Fig.  12,  and  the  scotia.  Fig.  13.  The  formation  of  these 
moldings  will  be  considered  more  particularly  in  a  later 
article. 

21.  Referring  again  to  the  stylobate  in  Fig.  11,  it  will 
be  noticed  that  the  lower  portion  of  its  base  is  a  broad  flat 
member  w,  or  fascia,  square  in  plan.  Such  a  member  of  a 
stylobate  or  a  column  is  often  referred  to  as  a  plinth, 
from  the  fact  that  it  was  formerly  made  of  a  single  stone 
or  tile.  The  base  of  the  column  in  Fig.  11  is  supported  by 
a  plinth  x  resting  on  the  stylobate.  Among  the  moldings 
prominent  in  the  profile  of  the  base  may  be  seen  the  torus, 
the  cove,  and  a  number  of  small  fillets.  The  shafts  of  the 
columns  in  the  different  orders  will  be  more  particularly 
considered  under  their  separate  headings,  and  may  be 
passed  over  for  the  present  without  special  mention. 

22.  The  capital  r,  Fig.  11,  usually  consists  of  three 
principal  parts,  the  abacus  c\  the  bell,  or  vase  c",  and  the 
necking  c'".  The  abacus  is  the  upper  extremity  of  the 
column,  and  in  the  Corinthian  order  is  composed  of  a  series 
of  moldings,  as  shown.  The  arrangement  of  these  moldings, 
when  represented  in  plan,  is  varied  in  the  several  orders,  as 
will  appear  during  the  specific  examinations  that  follow. 
The  series  of  moldings  at  c"\  Fig.  11,  is  variously  called 
the  astragral,  necking:,  or  neck  mold  of  the  capital,  and 
that  portion  between  the  neck  mold  and  the  abacus  is  called 
the  bell,  or  vase.  Here  it  is  seen  to  be  richly  ornamented 
by  the  addition  of  different  sized  acanthus  leaves,  volutes 
of  peculiar  construction,  and  certain  other  appendages  that 
will  be  explained  later. 

23.  The  principal  subdivisions  of  the  entablature,  the 
architrave,  the  frieze,  and  the  cornice,  have  already  been 
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mentioned.  The  entire  architrave  is  frequently  referred 
to  as  the  foot  mold,  and  is  seen  to  consist  principally  of  wide 
fascia  members  separated  from  one  another  by  fillets  and 
relieved  by  the  introduction  of  certain  of  the  curved  mem- 
bers previously  mentioned.  The  wide  plain  surface  of  the 
frieze  is  often  broken  up  into  panels,  and  in  many  cases  is 
enriched  by  very  elaborate  carving.  No  particular  cases 
will  be  discussed  at  present. 

24,  The  term  cornice,  a  word  derived  from  the  Latin 
and  Greek  words  meaning  crown,  was  originally  applied 
only  to  the  upper  portion  of  the  entablature;  that  is,  to  the 
part  designated  in  Fig.  11  by  the  dimension/.  In  its  pres- 
ent acceptation,  however,  the  term  cornice  is  used  indis- 
criminately to  describe  any  of  the  horizontal  projecting 
moldings  that  crown,   or  finish,  any  particular  part  of  a 
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Structure.  We  shall  consider  here  only  the  classic  inter- 
pretation of  the  term.  In  general,  the  moldings  that  com- 
pose the  cornice  are  the  same  in  outline  as  those  already 
described.  Inasmuch  as  the  arrangement  of  the  different 
moldings  in  the  cornice  is  somewhat  peculiar,  and  more- 
over, since  particular  terms  are  applied  to  the  several  parts 
not  readily  shown  in  a  drawing  so  small  as  that  in  Fig.  11, 
an  enlarged  drawing  of  the  cornice  is  presented  in  Fig.  14. 
Here  it  is  seen  that  the  cornice  proper  is  made  up  of  a 
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dentil  course^  sl  modillion  course^  a  bed  course ^  and  a  corona^ 
or  crown  molding.  Certain  wide  members  in  the  lower  por- 
tion of  the  cornice  are  rendered  more  ornamental  by  the 
addition  of  small  blocks  called  dentils  placed  at  regular  in- 
tervals. These  wide  members,  together  with  the  curved 
member  immediately  below  the  dentils  and  the  fillets  above 
the  frieze,  are  collectively  called  the  dentil  course.  Above 
the  dentil  course  a  series  of  fillets  and  variously  curved 
members  appear,  and  above  these  a  wide  fascia  on  which  at 
regular  intervals  the  modillions  are  spaced.  The  modil- 
lions  a^  a^  a  in  Fig.  14  are  blocks,  or  brackets,  frequently 
enriched  on  their  faces  and  sides.  The  acanthus  leaf  and 
the  volute  are  favorite  ornaments  and  are  applied  in  a 
variety  of  ways  to  their  exposed  surfaces.  That  portion  of 
the  cornice  included  between  the  dentil  course  and  the 
upper  edge  of  the  modillion  fascia  is  termed  the  modillion 
course,  and  is  topped  by  a  series  of  moldings  consisting  of 
fillets  and  a  curved  member,  termed  the  l)ed  course.  The 
moldings  of  the  bed  course  are  not  infrequently  carried 
around  the  tops  of  the  modillions,  as  shown  in  Fig.  14.  The 
soffit,  or  under  portion  of  the  cornice  between  the  modil- 
lions, is  called  the  planceer,  and  usually  is  enriched  by  a 
panel  construction  having  in  its  center  an  elaborate  rosette. 
The  croTvn  molding  consists  of  a  wide  fascia,  a  series  of 
fillets,  or  fillets  and  cove  molds,  and  an  ogee  whose  width  is 
usually  equal  to  that  of  the  fascia,  the  whole  topped  by  a 
fillet  of  graceful  proportion. 

The  cornice  is  to  the  entablature  what  the  capital  is  to 
the  column,  the  crowning  member  of  the  composition,  com- 
pleting it  in  a  very  pleasing  and  artistic  manner. 

The  general  features  of  an  order  having  thus  been  ex- 
plained to  the  student,  we  will  now  proceed  to  a  more  care- 
ful study  of  the  five  orders  so  frequently  mentioned.  These 
orders  will  be  discussed  only  in  an  elementary  manner,  as 
suited  to  the  requirements  of  the  building-trades  worker, 
for  it  is  not  assumed  as  essential  that  he  should  possess  so 
intricate  a  knowledge  as  would  be  expected  of  the  prac- 
ticing architect. 
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THE  FIVE  ORDERS  OF  ARCHITECTURE. 

36.     Their  Names   and    Dlstin^ulshini^  Features. — 

The  names  of  these  five  orders  are,  commencing  with  that 
of  the  earliest  origin,  the  Tuscan,  the  Doric,  the  Ionic,  the 
Corinthian,  and  the  Composite.     The  illustrations  of  these 
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classic  orders  that  appear  on  the  following  pages  contain 
many  dimensions  expressed  in  modules  and  parts.  These 
dimensions  are  not  referred  to  in  the  text,  but  are  placed 
on  the  drawings  in  order  that  the  student  may  have  a  con- 
venient means  of  reproduction  when  he  is  required  to  make 
enlarged  working  drawings  of  the  orders.     The  particular 
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method  employed  in  doing  this  work  will  be  explained 
later. 

The  Tuscan  order,  Fig.  15,  is  of  doubtful  origin,  and 
was  probably  never  very  extensively  used.  Massive  in  ap- 
pearance and  severe  in  its  outlines,  it  contains  the  least 
ornamentation  of  any  of  the  five  orders. 

The  Doric  order,  Fig.  16,  closely  resembles  the  Tuscan 
in  the  severity  maintained  by  the  lines  of  the  column.  The 
appearance  of  the  shaft,  however,  is  rendered  more  pleas- 
ing by  the  introduction  of  flutes,  and  we  find,  in  the  entab- 
lature, that  the  surface  of  the  frieze  is  broken  at  regular 
intervals  by  triglyphs;  we  also  find  that  the  cornice  is  given 
greater  projection,  and  that  its  under  surface,  or  planceer, 
is  decorated  to  a  certain  extent. 

In  the  Ionic  order.  Fig.  17,  is  to  be  found  the  first  at- 
tempt at  extensive  decoration  of  the  capital.  The  beautiful 
spiral  known  as  the  Ionic  volute  is  here  introduced  with 
pleasing  effect,  and  we  find  also  that  the  capital  contains 
other  ornamentation  that  will  be  more  specifically  referred 
to  when  the  details  of  the  order  are  considered. 

The  Corinthian  order.  Fig.  18,  is  perhaps  the  best 
known  of  the  five  ancient  orders,  due  possibly  to  the  fact 
that  its  use  has  been  much  more  extensive  in  examples  of 
recent  architecture.  The  Ionic  spiral  plays  an  important 
part  in  the  decoration  of  this  order,  and  is  seen,  together 
with  the  acanthus  and  the  anthemion  leaf,  in  the  capital 
and  in  the  modillion.  The  corona  of  the  cornice  also  is 
frequently  decorated  by  the  addition  of  heads  of  animals 
placed  over  alternate  modillions. 

The  Composite  order.  Fig.  19,  was  invented  by  the 
Romans  in  the  endeavor  to  secure  a  still  more  elaborate 
effect  than  was  possible  with  the  Corinthian.  It  is  prac- 
tically a  combination  of  the  Ionic  with  the  Corinthian.  It 
will  be  noticed  that  the  arrangement  of  the  flutes  in  the 
shafts  of  the  columns  in  the  last  three  orders  is  very  nearly 
alike  and  that,  in  place  of  finishing  in  sharp  edges,  as  in  the 
case  of  the  Doric  order,  between  each  flute  may  be  seen  a 
portion  of  the  rounded  surface  of  the  shaft. 
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!<J6.     Different  Interpretations   of  the    Orders.  —  As 

might  very  naturally  be  supposed,  the  two  greatest  nations 
of  ancient  times — the  Greeks  and  the  Romans — to  whom  we 
are  indebted  for  the  principal  examples  of  classic  architecture, 
modified  these  orders  somewhat  in  order  to  conform  them  to 
their  ideas  of  beauty.     The  principal  proportions  are,  in  the 
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main,  very  closely  observed  by  both  nations,  so  that  the 
independent  characteristics  are  rendered  quite  prominent. 
The  modern  student  of  architecture,  however,  recognizes 
these  modifications  to  such  an  extent  that,  with  the  excep- 
tion of  the  Composite  order,  which  is  distinctly  Roman,  it  is 
usual  to  refer  to  the  several  orders  as  the  Grecian  Doric  or 
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the  Roman  Doric,  the  Grecian  Ionic  or  the  Roman  Ionic, 
as  the  case  may  be.  One  of  the  principal  points  in  which 
the  Roman  rendering  of  an  order  differs  from  that  of  the 
Greek  rendering  lies  in  the  use  of  particular  curves  for  cer- 
tain moldings,  although  in  general  it  may  be  stated  that 
the  Romans  exhibited  a  tendency  to  employ  a  greater 
amount  of  enrichment  in  their  work  than  did  the  Greeks. 
The  Romans  also,  as  already  stated,  made  frequent  use  in 
their  buildings  of  the  arch,  which  appears  to  have  been  either 
neglected  purposely  or  was  not  understood  by  their  Greek 
predecessors  in  the  art  of  building. 

We  will  now  proceed  to  study  the  details  of  the  several 
orders,  commencing  with  the  Tuscan.  This  study  will  be 
aided  by  projection  drawings  in  which  the  scale  of  modules 
and  parts  is  used  for  all  proportions.  The  student  will  be 
enabled,  therefore,  from  the  illustrations  here  shown,  to  con- 
struct detail  drawings  for  any  desired  order. 


THE  TUSCAN  ORDER, 

87.  This  order,  effectually  shown  in  Fig.  20,  has  been 
called  the  Doric  in  its  earliest  state.  It  takes  its  name  from 
the  Etruscan  people,  who  are  supposed  to  have  been  its 
originators,  although  no  example  of  this  order  can  be  found 
in  any  structure  of  great  antiquity.  Unknown,  or  rather 
unused,  by  the  Greeks,  it  appears  to  have  been  chosen  by 
the  Romans  for  their  earliest  buildings,  and  may  be  con- 
sidered as  an  undeveloped  form  of  the  Roman  Doric.  The 
Tuscan  column  and  entablature,  however,  bear  a  closer 
resemblance  to  the  proportions  of  the  Greek  Doric  than  to 
the  Roman  Doric.  The  characteristics  of  the  order  are  its 
crudeness  and  plainness,  combined  with  its  heavy  moldings. 
It  lacks,  also,  the  refinement  of  outline  so  pronounced  in  the 
other  architectural  orders.  Like  all  other  Roman  orders,  it 
has  a  regularly  proportioned  and  molded  pedestal,  or  stylo- 
bate,  which,  though  not  a  specific  part  of  the  order  itself,  is 
generally  drawn  with  it  when  the  order  is  shown    alone. 
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This  pedestal  is  seen  from  Fig.  20  to  consist  of  a  square 
block  G  finished  at  the  lower  edge  by  the  fillet  a  and  resting 
on  the  plinth  b\  its  upper  edge  is  enriched  by  the  addition 
of  the  cyma  reversa  k  and  a  fillet  /. 

28.  The  shaft  of  the  Tuscan  column  is  never  fluted.  The 
base  of  the  column  consists  of  a  torus  k  and  a  fillet  ;//  rest- 
ing on  a  square  plinth/.  The  capital  consists  of  an  abacus, 
ovolo,  and  necking.  The  abacus  is  square  in  plan  and  is 
composed  of  a  fillet  n  resting  on  a  plain  fascia  ^,  which  has 
at  .fa  curved  escape  to  the  fillet.  The  ovolo  /  is  a  plain 
molding  often  referred  to  as  a  quarter-round,  as  its  section 
is  exactly  one-quarter  of  a  circle.  The  ovolo  is  circular  in 
plan  and  is  finished  below  by  the  fillet  ^,  which,  in  turn,  is 
eased  off  by  a  quarter-round  into  the  bell  r.  At  its  upper 
extremity,  the  column  is  seen  to  finish  in  a  quarter-round, 
fillet,  and  torus,  as  shown  at  /,  Fig.  20. 

29.  The  entablature  is  subdivided  into  an  architrave  D, 
a  frieze  E,  and  a  cornice  /%  each  composed  of  typical  mold- 
ings well  shown  in  the  illustration.  The  moldings  of  the 
Tuscan  order  are  never  enriched  by  dentils,  carvings,  or 
other  attempts  at  ornamentation.  They  are  large  and 
heavy  in  proportion  to  the  other  parts  of  the  construction 
and  have  never  been  popular  with  modern  architects. 

30.  In  order  that  a  concave  appearance  in  the  shaft  of  a 
column  may  be  avoided — which  would  be  the  case  if  its  sides 
were  parallel  or  were  tapered  uniformly  toward  the  top — it 
was  customary  to  represent  the  outlines  of  the  shaft  by  a 
convex  curve  obtained  in  the  manner  shown  in  the  drawing 
at  {a).  This  convex  curve  is  called  the  entasis  of  the 
column,  and  is  obtained  in  a  slightly  different  manner  in 
each  of  the  several  orders.  As  shown  at  {a)^  the  line  a  b  \s 
equal  in  length  to  that  of  the  column,  and  is  divided  into 
eight  equal  spaces.  At  each  end  of  the  line  a  i,  and  also 
through  each  of  the  points  used  to  divide  its  length,  a  per- 
pendicular is  erected,  as  shown  at  {a) ;  a  c  \s  made  equal  in 
length  to  the  upper  radius,  and  i?  d  equal  to  that  of  the  lower 
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radius.  The  length  ^  ^  is  also  set  off  on  the  line  d  d  at  the 
point  X,  A  perpendicular  to  b  d  is  then  erected  at  the 
point  ;r,  and  an  arc  is  next  described  from  the  point  ^  as  a 
center,  with  a  radius  equal  to  the  length  of  b  d^  cutting  the 
perpendicular  from  x  as  shown.  This  arc  is  divided  by 
spacing  it  into  eight  equal' parts — the  same  number  used  for 
the  division  of  the  line  a  b.  The  points  of  intersection 
through  which  the  entasis  is  drawn  are  then  found  by  draw- 
ing parallels  to  a  b  from  the  several  points  of  division  on  the 
arc  and  producing  them  until  they  intersect  the  perpendicu- 
lars erected  at  the  points  of  division  on  the  line  a  b.  A  scale 
of  modules  and  parts  is  shown  at  (^),  and  by  its  aid  the 
student  should  be  able  to  reproduce  a  drawing  of  this  order 
to  any  scale  he  may  desire. 


THE  DORIC  ORDER. 


THE  GKBCIAX  DORIC. 

31.  Of  the  three  Greek  orders  previously  referred  to, 
the  Doric  is  the  most  ancient.  Its  general  character  is 
expressive  of  grandeur,  dignity,  and  simplicity.  A  good 
idea  of  the  principal  proportions  of  this  order  may  be 
obtained  from  the  drawing  in  Fig.  21,  from  which  it  may  be 
seen  that  the  Doric  is  even  more  simple  in  construction 
than  the  Tuscan  order  just  described.  The  attention  of 
the  student  is  first  directed  to  the  stylobate,  which  is  here 
shown  to  be  composed  of  three  wide  flat  members  arranged 
in  the  form  of  steps.  The  Grecian  idea  of  the  stylobate 
differed  from  the  Roman  interpretation  of  the  same  in  that 
the  Greeks  seem  to  have  considered  the  stylobate  as  the 
substructure,  or  foundation,  for  the  entire  building,  while 
the  Romans  treated  the  stylobate  as  a  substructure  for  the 
column  only.  The  Doric  cohimn  is  seen  to  be  rather  more 
slender  in  appearance  than  that  of  the  Tuscan,  and  its 
capital  is  wider;  that  is,  its  members  have  greater  projection 
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than  the  members  of  the  Tuscan  capital.  The  Grecian 
Doric  column  has  no  base,  and  the  longitudinal  flutes  of 
the  shaft  finish  abruptly  against  the  top  of  the  stylobate. 
These  flutes,  always  sixteen  or  twenty  in  number  in  this 
order,  are  shallow  channel-like  grooves  whose  cross-section 
is  represented  by  an  elliptical  curve.  The  sharp  projecting 
edges  between  the  flutes  are  called  arrises,  and  form,  in 
modern  practice,  one  of  the  distinguishing  characteristics 
of  the  order. 

38,   The  method  of   drawing  the  profiles,  or   stays,   by 
which  the  flutes  of  a  Grecian  Doric  column  may  be  cut,  or 
^  formed,  in  the  case  of  sheet- 

metal  work,  may  be  under- 
stood from  an  inspection  of 
Fig.  22.  This  figure  is  an 
enlarged  plan  of  one  of  the 
flutes  of  a  Grecian  Doric  col- 
umn, in  which  adb  repre- 
sents the  form  of  the  chan- 
nel at  the  bottom  of  the 
shaft,  Sind  a'  {/'  d'  the  form  at 
the  top.  The  arcs  of  the 
upper  and  lower  sections  of 
the  shaft  are  represented, 
respectively,  by  r^  and  />^, 
and  the  distances  a  b  and  a!  V 
are  exactly  one-twentieth  of 
the  corresponding  circumfer- 
ences. The  center  line  mn 
cuts  the  chords  ab  andtf'^' 
at  their  middle  points  c  and  c\ 
The  depth  c  d  oi  the  channel  at  the  base  is  obtained  by 
dividing  ab  into  seven  equal  parts  and  making  cd  equal  to 
one  of  these  parts.  The  depth  c'  d'  at  the  top  of  the  column 
is  obtained  by  dividing  a'  b'  into  six  equal  parts  and  ma- 
king c*  d'  equal  to  one  of  these  parts.  The  depth  of  the 
channel  at  the  top  is  therefore  greater,  in  proportion  to  its 
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width,  than  at  the  bottom  of  the  shaft.  The  centers  of 
the  three  arcs  that  compose  the  curve  adb  are  found  by 
constructing  the  equilateral  triangle  a^^  on  ^  ^  as  a  base 
and  bisecting  the  angles  aod  and  dob  by  the  lines  oe 
and  of\  the  point  o  will  then  be  the  center  for  the  arc  e  df. 
The  chord  fb  is  next  drawn,  and  at  its  middle  pointy  is 
erected  a  perpendicular  gl  cutting  of  at  /;  the  point  / 
is  the  center  for  the  arc  fb.  The  center  k  for  the  arc  ae 
is  found  in  a  similar  manner.  The  centers  o\  /',  k  for  the 
curve  a!  d'  b'  are  determined  in  precisely  the  same  manner 
as  described  for  the  curve  adb.  The  general  outline  for 
the  shaft  of  the  Grecian  Doric  column  may  be  described 
as  that  of  a  frustum  of  a  cone  the  diameter  of  whose  upper 
base  is  four-fifths  that  of  the  lower.  The  entasis,  or  longi- 
tudinal curvature,  given  to  the  outline  of  the  shaft  is  occa- 
sionally omitted  from  this  column,  but  when  required  may 
be  drawn  as  indicated  at  (^),  Fig.  20,  the  method  there 
given  being  sufficiently  accurate  for  all  practical  purposes. 

33.  The  capital  of  the  Grecian  Doric  column  is  sepa- 
rated from  the  shaft  by  a  groove  a.  Fig.  21,  at  the  place 
usually  occupied  by  the  neck  molding  in  the  other  orders. 
The  flutes  of  the  shaft  are  seen  to  be  carried  past  this 
groove  and  to  die  away  in  a  curve  of  the  bell,  or  vase,  por- 
tion of  the  capital  immediately  below  a  series  of  annulets, 
or  grooves/.  Above  the  annulets  is  placed  an  echinus,  the 
curve  of  which,  as  well  as  that  of  the  bell  portion  of  the 
capital,  will  be  considered  in  a  later  article.  The  capital  is 
finished  at  the  top  by  the  plain  plinth-like  abacus  shown  in 
Fig.  21at^. 

34.  The  entablature  of  the  Doric  order  is  the  embodi- 
ment of  dignity  and  simplicity.  Its  lowest  division,  the 
architrave  ^,  is  a  wide  plain  fascia,  strongly  suggestive  of  a 
massive  wooden  beam  whose  upper  edge  is  finished  by  a 
small,  squarely  projecting  fillet.  The  middle  division  of 
the  entablature  constitutes  a  characteristic  feature  of  the 
order,  and  is  always  ornamented  with  triglyphs  T  and 
metopes   M.     A  portion  of  the  triglyph,  called   the   fillet, 
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/,  Fig.  21,  extends  below  the  upper  fillet  of  the  architrave, 
and  is  finished  by  six  little  dentil  like  appendages  supposed 
to  represent  the  heads  of  treenails,  or  pins,  used  in  the 
early  wooden  construction.  The  meaning  of  the  word 
triglyph — that  is,  three-channeled — is  apparent  from  the 
drawing  in  Fig.  21,  which  shows  the  three  V-shaped  vertical 
grooves,  although  the  grooves  are  so  disposed  on  the  face 
of  the  triglyph  that  one  of  them  is  divided  and  appears  as  a 
half  channel,  or  chamfer,  on  either  side  of  the  triglyph. 
The  space  between  two  triglyphs  is  called  a  metope,  and  is 
usually  occupied  by  a  carved  slab.  The  triglyphs  are 
always  so  placed  that  one  appears  over  every  column — not 
necessarily  centrally  over,  however — and  one  or  more  over 
the  space  between  each  pair  of  columns,  but  they  are  always 
spaced  at  such  distances  as  to  allow  the  metope  to  be 
exactly  square;  in  other  words,  the  height  of  the  triglyphs 
is  equal  to  the  distance  between  them.  In  their  earliest 
inception,  they  are  supposed  to  represent  the  ends  of  tim- 
bers used  to  support  the  roof  of  the  structure,  and  the  ends 
of  such  timbers  were  finished  in  the  manner  described,  in 
order  to  add  to  the  attractiveness  of  the  design.  A  peculi- 
arity of  the  Grecian  Doric  frieze  is  that  the  end  triglyphs, 
instead  of  being,  like  the  others,  in  the  same  central  line, 
or  axis,  as  the  columns  beneath,  are  placed  quite  up  to  the 
edge  or  outer  angle  of  the  frieze.  This  is  accomplished  by 
making  the  space  between  the  outer  columns  less  by  one- 
half  a  triglyph  than  the  intermediate  ones,  thereby  impart- 
ing an  additional  appearance  of  strength  and  solidity  to  the 
angles  of  the  building. 

The  upper  division  of  the  entablature,  the  cornice,  is  ex- 
tremely simple  though  strongly  characteristic  and  boldly 
marked.  It  has  greater  projection  than  the  cornice  of  the 
Tuscan  order,  and  the  surface  of  the  planceer  is  broken  at 
regular  intervals  by  raised  panels — or  rather,  depressed,  for 
they  extend  downwards  from  the  soffit — that  are  placed 
directly  over  each  triglyph  and  each  metope.  These  panels 
are  properly  termed  mutules,  and  correspond  in  width  with 
the  triglyphs;    their  under  surface   is  inclined  downwards 
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and  outwardly  and  is  ornamented  with  three  rows  contain- 
ing six  drops  each,  as  shown  in  Fig.  21.  These  drops,  or 
guttae  as  they  are  properly  termed,  are  somewhat  conical  in 
shape  and  are  more 
clearly  shown  in  the 
plan  of  the  under  side  of 
the  cornice  in  Fig.  23. 
A  section  through  the 
corner  triglyphs  is  also 
shown  in  Fig.  23^,  where 
the  V-shaped  channels 
may  be  distinctly  seen. 
The  outer  portion  of 
the  cornice  is  made  up 
of  a  wide  flat  fascia  g^ 
Fig.  21,  several  smaller 
curved  members  //,  the 
fillet  /,  and  an  echinus  molding  y,  the  whole  topped  with  a 
comparatively  narrow  fillet,  as  shown  in  the  illustration. 
The  profile  of  the  echinus  in  the  cornice  is  similar  to  that 
in  the  capital,  and  will  be  more  fully  described  under  the 
particular  heading  of  moldings  later  on. 


Pig.  28. 


THE  ROMAN  DORIC. 

36,  The  Roman  Doric  order,  shown  in  Fig.  24,  is  con- 
sidered by  architectural  critics  as  a  poor  imitation  of  the 
Grecian  Doric  and  inferior  to  it  in  many  ways.  In  numer- 
ous details  the  former  is  similar  to  the  Greek  order,  but,  on 
the  whole,  is  so  modified  that  it  would  hardly  be  recognized 
as  a  descendant  of  the  Grecian  design. 

36,  The  stylobate,  as  usual  in  the  Roman  orders,  is  in 
the  form  of  a  pedestal,  and  the  column  stands  on  a  molded 
base  never  present  in  the  Greek  Doric.  The  flutes  of  the 
shaft  are  somewhat  similar  to  those  of  the  Greek  order,  but 
are  composed  of  circular  instead  of  elliptical  arcs.  The  de- 
tails of  the  stylobate  are  clearly  shown  in  Fig.  24,  and  since 
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they  bear  a  close  resemblance  to  those  of  the  Tuscan  order, 
minute  description  will  be  omitted.  The  base  of  the  column 
is  also  quite  similar  to  that  of  the  Tuscan,  and  will  be  passed 
over  without  particular  mention.  The  method  of  tracing 
the  curve  for  the  entasis  is  clearly  shown  in  the  drawing  at 
{a),  and  the  quadrants  in  the  upper  portion  of  this  figure 
indicate  the  method  employed  to  produce  the  foreshortened 
views  of  the  arrises.  The  outlines  of  these  quadrants  are 
first  divided  by  spacing  into  the  number  of  parts  required 
for  the  flutes,  and  the  points  of  division  are  then  projected 
to  the  horizontal  drawn  from  the  center  of  the  quadrant ; 
the  foreshortened  curve  that  represents  the  position  of  the 
arris  is  then  drawn  through  the  several  points  located  on 
the  horizontal  lines,  in  the  manner  shown  in  the  upper  por- 
tion of  the  view  at  (a). 

37,  The  capital  of  this  column,  unlike  that  of  the 
Grecian  Doric,  is  seen  to  contain  a  pronounced  astragal,  or 
neck  molding,  composed  of  a  quarter-round,  a  fillet,  and  a 
torus  mold.  The  bell,  or  vase,  is  cylindrical  and  frequently 
contains  small  acanthus  rosettes,  usually  eight  in  number, 
while  the  upper  edge  is  finished  with  a  quarter-round  mem- 
ber, topped  by  several  small,  squarely  projecting  fillets  that 
serve  as  base  molds  for  the  large  quarter-round  at  the  top 
of  the  capital.  This  quarter-round  member  is  usually  en- 
riched with  a  boldly  cut  egg-and-dart  molding  not  shown  in 
the  illustration.  The  abacus  is  square  in  plan  and  consists 
of  a  wide  fascia  finished  at  its  upper  edge  by  a  small  mold- 
ing consisting  of  a  cyma  reversa  and  a  small  fillet.  An 
enrichment  in  the  shape  of  a  lotus-leaf  molding  is  often  found 
on  this  cyma  reversa.  The  under  surface  of  the  abacus 
usually  contains  spandrel-like  panels,  sunk  as  indicated  by 
the  dotted  lines  in  the  illustration. 

38,  There  are  two  distinct  systems  of  grouping  the 
members  of  the  Roman  Doric  entablature:  one,  as  in  the 
Greek,  with  mutules  in  the  frieze;  the  other,  an  entirely 
Roman  invention,  with  a  course  of  dentils  under  the  corona. 
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The  mutular  Doric  is  the  one  shown  in  Fig.  24.  The  mutules 
are  here  seen  to  assume  more  nearly  the  pronounced  appear- 
ance of  brackets,  or  modillions,  while  the  general  details  of 
the  entablature  differ  materially  from  the  Greek  order 
already  described.  The  architrave  is  divided  into  two 
fascias,  the  upper  one  projecting  slightly  over  the  lower, 
while  the  upper  fillet  of  the  architrave  is  quite  similar  to  the 
Greek.  As  before,  the  surface  of  the  frieze  is  broken  by 
triglyphs,  which  in  the  Roman  Doric  are  centered  exactly 
over  the  column  except  when  occurring  over  the  interspaces. 


\^is  -4 


The  metopes,  which  were  always  square  in  the  Greek  order, 
are  often  oblong  in  the  Roman,  with  the  longer  axis  set 
either  vertically  or  horizontally. 

The  mutules,  which  we  have  before  noticed  as  being  set 
over  each  triglyph  and  metope,  are  found  only  over  the 
triglyphs  in  the  Roman  Doric,  while  the  soffit  of  the 
corona,  or  the  planceer,  between  them  is  often  paneled  in 
lozenge  or  rectangular  forms.  The  centers  of  such  panels 
frequently  contain  irregular-shaped  rosettes,  as  may  be  seen 
from  the  plan  view  of  the  soffit  shown  in  Fig.  25.  The 
dentil-like    drops  that  appear  in   the  architrave  under  the 
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triglyphs  have  a  distinctive  form  characteristic  of  the  Roman 
Doric.  This  form  will  be  understood  if  the  student  com- 
pares the  front  and  side  views  shown  on  the  face  and  on  the 
return,  respectively.  The  corona,  or  crown  molding,  con- 
sists of  a  wide  flat  fascia,  small  fillets  and  a  cyma  reversa, 
and  a  large  cyma  recta  topped  with  a  rather  wide  fillet. 
The  attention  of  the  student  is  called  to  the  amount  of  pro- 
jection seen  in  the  crown  molding  of  this  order — a  proportion 
greater  than  has  been  given  to  any  of  the  orders  yet  de- 
scribed. The  principal  features  of  the  design  are  noted  in 
the  illustration  by  the  aid  of  the  scale  of  modules  and  parts, 
and  will  be  found  of  much  assistance  should  the  student 
have  occasion  to  adapt  any  of  the  proportions  here  shown 
to  his  working  details. 


THE  IONIC  ORDER. 


THE  GRECIAN  lOXTC. 

39,  The  Ionic  order  is  lighter  and  more  delicate  than 
the  Doric.  It  is  expressive  of  grace  and  refinement  rather 
than  of  grandeur  and  dignity.  The  typical  Grecian  Ionic 
is  illustrated  in  Fig.  26,  from  which  it  may  be  seen  that  the 
capital  is  the  distinguishing  characteristic  of  the  order, 
although  details  of  a  widely  different  character  from  the 
Doric  appear  in  nearly  every  feature.  As  in  the  Grecian 
Doric,  the  stylobate  is  in  three  equally  receding  courses,  or 
steps,  their  united  height  being  equivalent  to  about  one 
diameter,  or  two  modules.  Of  these  three  steps,  only  the 
upper  one  appears  in  Fig.  2G,  but  the  entire  stylobate  may 
readily  be  represented  when  required,  in  accordance  with 
preceding  instruction.  The  column,  consisting  of  ba.se, 
shaft,  and  capital,  is  taller,  of  more  slender  proportions,  and 
much  less  tapering  than  any  we  have  thus  far  considered. 
The  base  of  the  column,  as  may  be  seen  from  Fig.  2C,  is  a 
graceful  combination  of  torus  and  scotia  moldings  separated 
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by  the  usual  fillets.  The  upper  torus  is  frequently  enriched 
by  an  interlaced  design  peculiar  to  the  Grecian  moldings. 
The  shaft  of  the  column  rises  from  the  base  by  means  of  the 
escape  k^  whose  profile,  as  in  the  case  of  most  Greek  mold- 
ings, is  an  outline  taken  from  one  of  the  conic  sections. 
The  shaft  of  the  Ionic  column  contains  twenty-four  flutes 
separated  from  one  another  by  fillets.  These  flutes  are  very 
nearly  semi-elliptical  in  profile  and  the  width  of  the  fillets  is 
about  one-fourth  that  of  the  flutes.  The  method  of  deter- 
mining the  curve,  or  entasis,  of  the  shaft  is  shown  in  the 
drawing  at  (a),  and  is  similar  to  that  already  described. 

40,  The  capital  of  this  order  is  complete  with  astragal, 
bell,  and  abacus,  all  of  which  are  enriched  with  more  or  less 
elaborate    carving,     although    the  , 

astragal  is  sometimes  represented 
merely  by  a  small  squarely  pro- 
jecting fillet.  The  bell  of  the  capi- 
tal is  ornamented  on  the  cylindrical 
portion  with  a  scroll  and  the  con- 
ventionalized anthemion  leaf  much 
used  by  the  Greeks.  Above  the 
cylindrical  part  of  the  bell  may  be 
seen  several  enriched  moldings  in 
which  occur  the  bead,  the  egg-and- 
dart,  and  the  laced  design  previ- 
ously referred  to.  This  arrange- 
ment of  the  bell  may  be  termed  the 
regular  formation,  and  is  occasion- 
ally departed  from.  Thus,  ex- 
amples are  to  be  found  in  which 
only  the  straight  cylindrical  sides 
of  the  bell  appear,  although  the  anthemion  enrichment  is 
present  as  in  the  case  of  the  capital  represented  in  Fig.  26. 
Again,  as  in  Fig.  27,  the  straight  sides  of  the  bell  give  place 
to  a  tapering  form  enriched  with  a  bold  egg-and-dart  mold- 
ing. The  capital  represented  m  Fig.  27  illustrates  a  certain 
irregularity  of  construction  that  will  be  referred  to  later. 
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Fig.  88. 


41,  The  principal  distinguishing  feature  of  this  order  is 
the  volute,  which  may  be  variously  considered  as  an  append- 
age either  of  the  bell  or  of  the 
abacus.  The  graceful  curves  of 
this  spiral  are  arranged  in  pairs, 
which,  in  what  may  be  termed  the 
regular  formation  of  the  capital, 
appear  on  the  front  parallel  to  the 
architrave.  A  view  of  this  capital 
from  the  rear  is  the  same  as  the 
front  view,  while  in  the  side  view 
shown  in  Fig.  28  the  outer  curve 
of  the  volute  is  carried  back  so  as  to  appear  like  a  bolster 
supporting  the  architrave.  The  surface  of  this  bolster  in 
the  side  view  is  broken  by  a  series  of  flutes  and  fillets,  some- 
what after  the  manner  of  the  column,  although  the  fillets 
are  often  enriched  by  the  addition  of  the  small  bead  mold 
seen  in  other  parts  of  the  order.  The  profile  for  the  gen- 
eral curvature  of  the  bolster,  as  indicated  in  the  side  eleva- 
tion in  Fig.  28,  coincides  with  the  outline  of  an  ellipse.  The 
method  used  by  the  Greek  architects  in  executing  the  spirals 
of  the  Ionic  columns  remains  to  this  day  a  matter  of  more 
or  less  conjecture.  They  are  very  closely  approximated  in 
the  illustration,  however,  and  their  reproduction  may  be 
accomplished,  when  desired,  by  the  application  of  the 
scale. 

When  an  Ionic  column  occurs  at  the  corner  of  a  building, 
and  particularly  when  the  colonnade  is  continued  down  the 
sides  of  the  building — or,  as  it  is  termed,  on  the  return  of 
the  building — two  adjoining  voluted  faces  are  frequently 
used.  This  is  done  that  the  corner  column  may  agree  with 
the  other  columns  on  the  front  and  on  the  return  of  the 
building.  When  this  construction  is  followed,  the  volute  at 
the  angle  is  placed  diagonally,  as  shown  at  b  in  the  plan  in 
Fig.  27.  The  upper  member  of  the  capital,  the  abacus 
proper,  is  usually  square  in  plan  and  consists  principally  of 
an  echinus  enriched  with  some  form  of  ornamental  carving, 
generally  that  of  the  egg-and-dart  shown  in  Fig.  28. 
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43,  The  Ionic  entablature  is  rather  more  plain  than  that 
of  the  Doric  and  consists,  as  before,  of  three  principal  sub- 
divisions: architrave,  frieze,  and  cornice.  The  architrave 
does  not  differ  materially  from  that  of  the  Doric;  it  is  usu- 
ally divided  into  three  nearly  equal  fascias,  successively 
projecting  as  represented  in  Fig.  26.  Above  the  three  fas- 
cias is  a  foot  mold  composed  of  torus,  cyma  reversa,  and 
fillets  arranged  as  shown.  The  small  bead  mold  previously 
referred  to  appears  below  the  enriched  cyma  reversa,  which 
is  usually  ornamented  with  a  molding  known  as  the  water- 
leaf  ornament.  A  wide  plain  frieze  in  this  order  is  topped 
with  another  bead  mold  and  cyma  with  water  leaf  somewhat 
larger  than  that  used  in  the  foot  mold.  The  soffit,  or  plan- 
ceer,  of  the  cornice  has  a  pronounced  drip — so  much,  in  fact, 
as  nearly  to  hide  the  bed  mold  when  shown  in  a  projection 
drawing.  The  principal  features  of  the  cornice,  as  before, 
are  the  wide  fascia  and  the  large  projecting  cyma  recta, 
although  a  series  of  small  moldings  somewhat  enriched  are 
usually  interposed  between  them.  In  many  examples  of  the 
Grecian  Ionic  order,  the  topmost  fillet  and  the  large  cyma 
shown  in  Fig.  26  are  omitted,  and  the  enriched  echinus  at  n 
is  made  proportionately  larger,  thus  forming  the  crown 
for  the  cornice.  This  form,  however,  has  not  been  exten- 
sively copied  in  modern  architecture. 


THE  ROMAN  TOXIC. 

43.  The  Roman  Ionic  order  differs  from  the  Grecian 
order  principally  in  the  formation  of  the  volutes  of  its  cap- 
ital. There  are,  however,  several  other  important  changes 
in  the  details  of  its  construction  deserving  of  attention,  as 
may  be  seen  from  an  examination  of  Fig.  29.  The  charac- 
teristic Roman  stylobate  in  the  form  of  a  pedestal  is  taller 
and  more  slenderly  proportioned  than  in  any  Roman  order 
thus  far  examined,  while  the  moldings  at  its  upper  and 
lower  extremities  are  distinguished  by  their  richness  and 
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grace  of  profile.  The  base  of  the  column  differs  in  general 
contour  from  that  of  the  Grecian  order  only  in  the  fact  that 
it  is  supported  by  a  square  plinth.  A  scotia  with  fillets  and 
two  torus  molds — the  latter  seldom,  if  ever,  enriched  in  this 
order — compose  the  profile  for  the  circular  base  from  which 
the  shaft  rises  by  a  quarter-round  escape,  as  shown  in  Fig.  29. 
The  method  of  finding  the  entasis  of  the  shaft  is  illustrated 
at  (a).  The  shaft  of  the  column  is  of  nearly  the  same  height 
as  the  Greek  and  contains  either  twenty  or  twenty-four 
semicircular  flutes,  separated  by  fillets.  These  flutes  die 
away  at  the  top  and  the  bottom  of  the  shaft  in  quarter- 
round  escapes,  as  illustrated  in  Fig.  29. 

44,  The  capital  of  this  order  contains  no  astragal,  a 
circumstance  rendered  the  more  remarkable  by  the  fact  that 
when  the  Romans  copied  the  Doric  from  the  Greeks  they 
added  to  that  column  an  astragal  not  seen  in  the  original, 
while  in  this  case  the  Romans  seem  to  have  taken  especial 
pains  to  omit  the  detail  that  they  apparently  particularly 
admired  previously.  In  consequence  of  this,  the  Roman 
Ionic  capital  is  far  less  pleasing  than  the  Greek.  The  bell 
is  short  and  is  composed  of  a  small  torus  and  a  rather  large 
quarter-round  mold  seldom  ornamented  with  any  enrich- 
ment. The  Romans  greatly  simplified  the  volutes  of  the 
capital  in  their  attempts  to  reduce  the  Greek  spiral  to  simple 
geometrical  rules.  As  the  compass  was  used  to  describe 
the  profiles  of  their  moldings,  the  same  instrument  was 
used  to  produce  the  volute  by  a  series  of  tangent  arcs  of 
different  circles.  The  Roman  Ionic  volute  contains  but  one 
band,  while  that  of  the  Greeks  usually  possessed  three.  The 
depression  of  these  bands  in  their  central  portion  is  notice- 
able in  the  Greek  capital,  while  in  the  Roman  the  band  that 
connects  the  generating  lines  of  the  volute  is  seen  from 
Fig.  29  to  be  straight.  Careful  directions  for  drawing  the 
Roman  Ionic  volute  were  given  in  a  problem  of  Geometrical 
Drawings  and  therefore  need  not  be  considered  here.  As 
in  the  Greek  order,  the  front  and  the  rear  view  of  this 
capital  is  similar. 
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When  the  Romans  used  volutes  on  the  corner  columns  of 
their  buildings,  they  were  frequently  mitered  in  a  manner 

similar  to  that  of  the  Greeks 
already  shown  in  Fig.  27.  A 
plan  view  of  the  capital  is  shown 
in  Fig.  30,  and  it  will  be  seen 
that  it  differs  materially  from 
the  Greek  formation  already 
described,  the  curves  for  the 
return  of  the  scroll  being  com- 
posed of  a  series  of  cymas  and 
fillets.  The  abacus  of  the  capital  is  shown  in  Fig.  29  as 
square  in  plan  and  composed  of  cyma  reversa  and  fillet;  this 
is  the  usual  form  of  the  abacus,  although,  in  the  case  of 
mitered  volutes,  it  is  usual  to  allow  the  outline  of  the 
abacus  in  the  plan  to  follow  approximately  the  face  of  the 
volutes. 


46,  In  the  entablature,  the  architrave  is  divided  into 
three  fascias  of  unequal  width,  while  the  foot  mold  consists 
of  a  cyma  reversa  and  fillet,  although  this  combination  of 
moldings  is  occasionally  varied  by  the  addition  of  a  small 
torus  below  the  cyma.  Both  curved  molds  are  frequently 
enriched,  the  bead  mold  and  the  water-leaf  ornament  com- 
monly being  employed.  The  frieze  of  the  Roman  Ionic 
entablature  consists  of  a  plain  wide  fascia,  unbroken  by 
paneling  and  occasionally  enriched  by  carving  of  figures 
and  foliage.  The  cornice  contains  a  rather  wide  dentil 
molding,  finished  below  by  cyma  reversa  and  fillets,  and 
above  by  a  large  ovolo  with  torus  and  fillets,  as  shown  in 
Fig.  20.  As  in  the  case  of  the  foot  mold,  the  curved  mem- 
bers frequently  contain  some  conventional  enrichment. 
The  dentils  are  rather  large  and  the  spaces  between  them 
are  usually  one-half  the  width  of  the  dentil  face.  The  plan- 
ceer  is  not  so  wide  as  in  the  Greek  order,  for  the  reason 
that  much  of  the  projection  is  attained  in  the  dentil  and 
1)0(1  moldings.  A  drip  is  afforded  i)y  means  of  the  fillets  at 
the  outer  and  the  inner  extensions  of  the  planceer,  although 
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the  drip  is  not  so  pronounced  as  in  the  case  of  the  Greek 
order  previously  described.  The  crown  molding  of  the 
cornice  consists  of  a  wide  fascia  and  a  large  cyma  recta 
with  small  members  interposed,  and  is  finished  at  the  top 
by  a  fillet. 


THE  CORINTHIAN  ORDER. 


THE   GRECIAN  CORINTHIAN. 

46,  The  highest  achievement  of  Grecian  architecture 
was  realized  in  the  Corinthian  order — the  lightest  and  most 
delicate  of  the  three  orders  known  to  the  Greeks.  Like  the 
Ionic,  the  principal  characteristic  of  the  Roman  Corinthian 
order  is  its  capital — tall,  bell-shaped,  and  richly  foliated,  as 
shown  in  Fig.  31.  The  volute  of  the  Ionic  order,  modified 
to  some  extent,  occupies  a  prominent  place  in  the  decoration 
of  the  Corinthian  capital,  to  which  has  also  been  added 
other  enrichment  in  the  form  of  conventionalized  foliage. 

47,  The  stylobate  of  this  order  consists  of  three  equally 
disposed  steps,  as  in  the  Grecian  Doric  order;  on  this  stylo- 
bate,  which  is  not  shown  in  Fig.  31,  the. base  of  the  column 
rests  without  the  interposition  of  a  plinth.  The  circular 
base  of  the  column  differs  but  little  from  that  of  the  Grecian 
Ionic,  although  it  is  somewhat  more  delicately  proportioned. 
The  base  is  composed  of  a  torus  and  fillet,  a  scotia  and  an- 
other similar  fillet  rather  less  than  the  former,  and  a  second 
torus,  or  reversed  ovolo,  on  which  rests  a  third  fillet. 

48,  The  shaft  rises  in  a  curved  escape  and  is  taller  in  pro- 
portion to  its  diameter  than  in  the  orders  previously  described. 
It  diminishes  with  entasis,  particularly  shown  in  the  draw- 
ing at  (a),  Fig.  31,  and  contains,  like  the  shaft  of  the  Ionic 
column,  twenty-four  flutes  and  fillets.  The  flutes  are  semi- 
ellipses,  and  are  so  deep  as  to  appear  almost  like  semicircles; 
they  terminate  at  the  top  in  a  peculiar  formation  resembling 
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leaves,  of  which  the  fillets,  as  shown  in  Fig.  34,  are  the  stems. 
This  leaf-like  finish  to  the  flutes  turns  slightly  outwards  at 
its  upper  extremity,  and,  as  in  the  Grecian  Doric  capital, 
the  astragal  is  absent  and  is  replaced  by  a  shallow  groove, 
or  channel.  The  bell  of  the  capital  is  nearly  cylindrical  in 
form,  but  slightly  tapered  at  the  top.  Its  lower  extremity 
is  covered  with  a  row  of  water  leaves  similar  to  those  form- 
ing the  finish  for  the  flutes  of  the  shaft,  but  nearly  twice 
their  width — there  being  sixteen  leaves  in  the  circumference 
of  the  capital.  Above  the  water  leaves  is  a  row  of  eight 
acanthus  leaves,  proportionately  taller  than  the  leaves  in  the 
lower  row,  and  fastened  tg  the  bell  by  means  of  flowered 
buttons.  The  profile  for  the  water  leaves  is  that  of  a  flat 
cavetto,  and  for  the  acanthus  leaves  it  is  that  of  a  cyma 
recta.  The  general  arrangement  of  these  leaves  is  such  that 
one  of  the  taller  ones  in  the  upper  row  comes  in  the  center 
beneath  each  face  of  the  abacus,  and  the  lower  lei^ves  alter- 
nate with  the  upper  ones,  coming  both  between  and  under 
the  stems  of  the  latter,  so  that  in  the  first,  or  lower,  tier  of 
leaves  there  is,  in  the  middle  of  each  face,  a  leaf  between 
each  two  leaves  of  the  upper  row,  and  also  a  leaf  under  the 
stem  of  the  central  leaf  above  them.  Above  these  two  rows 
is  a  third  series  of  eight  leaves  turned  so  as  to  support  the 
small  volutes,  which,  in  turn,  support  the  angles  of  the 
abacus.  Besides  these  outer  volutes,  which  are  invariably 
turned  diagonally,  as  in  the  case  of  the  four-sided  Ionic 
capital,  there  are,  on  each  face  of  the  capital,  two  small 
volutes,  termed  cauliculi  <r,  that  meet  each  other  beneath  a 
flower /"on  the  face  of  the  abacus.  The  abacus  is,  in  plan, 
a  square  whose  angles  are  cut  off  at  45°,  and  whose  sides  are 
deeply  concaved,  this  form  conforming  very  nearly  to  the 
upper  part  of  the  capital.  The  abacus  consists  of  a  narrow 
fillet,  an  elliptical  cavetto,  or  reversed  scotia,  and  another 
fillet  surmounted  by  a  small  ovolo — or  rather  a  molding 
whose  profile  is  that  of  the  quadrant  of  an  ellipse. 

49.     The  entablature  is  very  similar  to  that  of  the  Ionic 
order,  with  the  exception  of  the  cornice,  which  is  larger  and 
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somewhat  richer.  The  architrave  contains  three  wide  fascias 
of  equal  height;  these  fascias  differ  from  those  previously 
noted  in  the  fact  that  their  surfaces,  in  place  of  lying  within 
vertical  planes,  are  inclined  inwards  so  that  their  lower 
angles  are  in  the  same  vertical  line.  The  foot  mold  is  a 
simple  cyma  reversa  resting  on  a  small  torus,  or  bead,  and 
surmounted  by  a  rather  wide  fillet.  The  architrave  of  this 
order  seldom  contains  any  enrichment  of  its  members.  The 
frieze  is  here  shown  with  figures  carved  in  relief,  although 
it  is  true  that  this  carving  does  not  form  a  component  part 
of  the  order  itself.  Above  this  frieze  is  a  small  torus  and  an 
ovolo  supporting  the  dentil  course  /.  These  dentils  are 
small  rectangular  blocks,  spaced  about  two-thirds  their  width 
apart,  and,  in  turn,  support  the  bed  mold,  which  consists  of 
cyma  recta,  cyma  reversa,  and  fillets,  as  shown  in  Fig.  31. 
The  planceer  of  the  cornice  has  a  curved  profile  and  is  wider 
than  in  the  Ionic  order,  giving  the  crown  mold  greater  pro- 
jection. The  crown  mold  contains  the  usual  wide  fascia, 
together  with  a  small  echinus  and  a  fillet;  this  fillet,  as 
shown  in  Fig.  31,  is  surmounted  by  another  wide  fascia, 
cut  at  frequent  intervals  by  elliptical  arcs  and  supporting 
the  peculiar  honeysuckle  ornaments  k.  An  enrichmentof 
this  sort  is  often  added  to  the  tops  of  cornices  other  than 
those  of  this  order. 


THE  BOMAX  CORINTHIAN. 

50,  The  Roman  Corinthian  order,  shown  in  Fig.  32, 
differs  from  its  Greek  prototype  principally  in  the  elabora- 
tion of  its  entablature  and  in  the  arrangement  of  the  foliage 
of  its  capital.  This  order  is,  perhaps,  the  best  known  and 
the  most  widely  copied  of  all  the  ancient  orders  of  archi- 
tecture. It  appears  to  have  been  a  favorite  construction  of 
the  Roman  architects,  and  we  have  several  examples,  slightly 
differing  in  their  proportions,  in  structures  of  greater  or  less 
antiquity.  The  order  illustrated  in  Fig.  32  may  be  taken  as 
fairly  typical  of  the  principal  features. 
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61.  The  stylobate  is  even  more  slender  than  in  the 
Roman  Ionic  order,  although  quite  similar  in  other  respects; 
it  contains,  however,  a  small  torus  and  fillet  with  escape  a 
little  below  the  upper  series  of  moldings,  not  seen  in  any 
order  thus  far  examined.  The  column  shown  in  Fig.  32 
rests  on  a  square  plinth  x  supported  by  the  stylobate,  but 
this  plinth  is  absent  in  several  of  the  notable  ancient  con- 
structions, while  others  contain  a  double  plinth  under  the 
base  moldings  of  the  shaft.  This  last  construction  is  em- 
ployed, however,  only  when  the  height  of  the  stylobate  is  so 
great  as  to  take  the  base  of  the  column  above  the  eye,  in 
which  case  the  coping  cornice  of  the  stylobate  would  cut  off 
the  view  of  the  base  of  the  column. 

5!3«  The  base  of  the  column  generally  consists  of  torus 
and  scotia  moldings  with  fillets  intervening,  as  in  the 
Grecian  Corinthian,  but  these  members  are  differently 
proportioned  and  differ  also  in  the  amount  of  their  pro- 
jection, as  the  illustration  indicates.  The  members  of  the 
base  are  seldom  enriched,  although  occasionally  the  surface 
of  the  scotia  is  broken  by  beads,  or  grooves,  cut  around  the 
base.  The  shaft  of  the  column  usually  diminishes  with 
entasis  that  may  be  determined  as  shown  in  the  drawing 
at  («),  although  not  infrequently  the  profile  of  its  sides  is 
straight — that  is,  the  shaft  is  treated  as  a  frustum  of  the 
regular  cone.  Certain  examples  of  this  order  do  not  con- 
tain any  flutes  in  the  shafts  of  their  columns,  presumably 
for  the  reason  that  the  material  used  could  not  be  wrought 
or  polished.  It  is  usually  represented,  however,  as  in 
Fig.  32,  with  twenty-four  semicircular  flutes  that  finish  at 
their  upper  and  lower  extremities  in  semicircular  ends  aided 
by  an  escape  of  the  shaft.  A  well-defined  torus  mold  with 
fillet  forms  the  astragal  for  the  capital,  the  general  appear- 
ance of  which  is  not  unlike  that  of  the  Grecian  order  already 
described.  The  bell  is  covered  with  two,  and  sometimes 
with  three,  rows  of  acanthus  leaves,  of  which  there  are 
always  eight  leaves  \xi  each  row,  ranged  side  by  side,  but 
not  in  contact.     The  leaves  of  the  upper  rows  appear  to 
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reach  down  to  the  astragal,  and  their  lower  extremities  are 
covered  by  the  leaves  in  the  row  immediately  beneath  them. 
The  formation  of  the  leaves  in  the  upper  row  is  usually  as 
shown  in  Fig.  32,  and  from  their  tops  spring  the  cauliculi 
and  volutes  that  support  the  abacus.  The  abacus  differs 
but  little  from  that  of  the  Grecian  Corinthian  order;  the 
outline  of  its  plan  is  practically  the  same,  while  the  mold- 
ings that  compose  it  are  the  cavetto,  fillet,  and  an  ovolo, 
the  latter  usually  enriched  with  the  egg-and-dart  ornament, 
and  a  rosette  or  flower  of  some  kind  is  pendent  from  the 
middle  of  each  side  of  the  abacus. 


63.  The  entablature  of  this  order  is  quite  different  from 
any  yet  described.  The  architrave  is  divided  into  three 
horizontal  bands,  or  fas- 
cias,  as  was  the  Ionic,  but 
instead  of  a  plain  pro- 
jection of  one  fascia  be- 
yond the  other,  they  are 
separated  by  a  number 
of  different  small  mold- 
ings. These  small  mold- 
ings, and  frequently  the  pjo-  m. 
middle  fascia  as  well,  are  enriched  with  elaborate  carved 
molds,  although  shown  in  Fig.  32  without  these  appendages. 
The  foot  mold  consists  of  small  torus,:  cyma  reversa,  and 
fillet,  the  cyma  often  containing  enrichment.  The  frieze, 
here  shown  as  a  plain  wide  dado,  is  usually  ornamented  with 
figures  carved  in  high  relief,  and  is  topped  with  a  dentil 
mold  containing  a  torus  and  cyma.  The  dentils  are  plain 
rectangular  blocks,  spaced  one-half  their  width  apart,  and 
support  the  modillion  mold,  which  consists  of  fillets,  torus, 
and  a  large  ovolo.  The  modillions  are  the  projecting 
brackets  that  support  the  corona,  or  crown  mold,  and  are 
somewhat  better  shown  in  the  enlarged  view  given  in 
Fig.  33.  The  acanthus  leaf  and  spiral  are  used  with  great 
effect  in  their  construction,  and  the  bed  mold  shown  at  /  is 
carried  around  their  upper  edges,  forming,  besides  a  finish 
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for  the  modillion,  a  paneled  effect  in  the  planceer.  The 
planceer  is  wide  and  contains  moldings  arranged  in  panels 
with  rosettes  in  their  centers.  The  corona  consists  of  the 
usual  wide  fascia  and  cyma  recta  with  interposed  smaller 
molds  in  which  may  be  seen  the  cyma  reversa  and  fillets. 
Above  the  large  cyma  a  rather  wide  fillet  finishes  the  cor- 
nice. Heads  of  lions,  and,  in  some  cases,  grotesque  heads, 
are  added  to  the  large  cyma  of  the  cornice,  and  are  regu- 
larly spaced  over  every  other  modillion  in  the  entablature; 
they  are  not  shown,  however,  in  the  illustration  here  pre- 
sented. 


THE  COMPOSITE  ORDER. 

64,  This  order  was  an  invention  of.  the  Romans  and  is 
a  result  of  their  attempt  to  secure  something  more  elabo- 
rate than  the  Corinthian.  It  is  practically  a  combination  of 
the  Corinthian  with  the  Ionic,  and  its  proportions  conform 
very  closely  with  those  of  the  former,  as  shown  in  Fig.  34. 
As  a  matter  of  fact,  the  ancient  examples  of  what  is  called 
the  Composite  order  do  not  differ  so  much  from  the  ordi- 
nary examples  of  the  Corinthian  as  the  latter  do  among 
themselves,  with  the  exception  of  the  peculiar  formation  of 
the  capital.  The  Composite  order  appears  to  have  been  in- 
vented by  the  Romans  solely  for  the  purpose  of  displaying 
heavily  enriched  members  in  the  moldings  of  the  entabla- 
ture. It  was  used,  at  first,  only  in  the  construction  of  their 
triumphal  arches — structures  in  which  highly  elaborate 
effects  were  desired  without  apparent  consideration  of  their 
cost. 

66,  As  seen  in  Fig.  34,  the  stylobate  of  this  order  dif- 
fers from  that  of  the  Roman  Corinthian  only  in  the  forma- 
tion of  the  moldings.  The  proportions  of  the  column  also 
are  the  same  as  in  the  order  last  described.  The  moldings 
of  the  base  and  the  flutings  of  the  shaft,  together  with  its 
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entasis  and  the  astragal  of  the  capital,  may  be  taken  di- 
rectly from  the  drawing  of  the  Corinthian  in  Fig.  32.  The 
principal  difference  in  the  capital  consists  in  the  enlarge- 
ment of  the  volutes  and  in  the  connection  of  their  stems 
horizontally  under  the  abacus,  giving  the  appearance  of  a 
distorted  Ionic  capital.  An  enriched  egg-and-dart  mold  in 
the  form  of  an  ovolo,  together  with  a  small  bead  mold,  is 
usually  added  immediately  under  the  abacus  and  between 
the  volutes,  as  seen  at  g^  Fig.  34.  Acanthus  leaves  in  two 
rows  fill  up  the  whole  height  from  the  astragal  to  the  bot- 
tom of  the  volutes,  and  are  consequently  higher  than  in  the 
Corinthian  capital,  the  increased  height  being  given  to  the 
upper  row  of  leaves.  The  abacus  is  so  nearly  like  that  of 
the  Corinthian  capital  as  to  need  but  little  description;  its 
moldings  are  the  same  in  form,  and  it  contains  an  orna- 
ment, in  the  center  of  its  face,  similar  to  that  already  de- 
scribed. 

56.  In  the  entablature,  the  architrave  contains  two,  and 
sometimes  three,  wide  fascias  separated  by  fillets  and  small 
cyma  reversas,  the  latter  seldom  shown  without  enrichment. 
The  foot  mold,  as  shown  in  Fig.  34,  consists  of  a  graceful 
combination  of  small  members,  also  usually  heavily  enriched. 
The  wide  frieze  is  sometimes  finished  at  both  upper  and 
lower  edges  in  an  escape,  and  is  often  elaborately  carved  with 
figures  in  relief,  as  in  the  Corinthian  order.  Above  the 
frieze,  the  various  members  of  the  entablature  may  be 
taken  as  identical  with  those  of  the  Roman  Corinthian, 
every  curved  member  of  which  is  frequently  heavily  en- 
riched. Even  the  wide  fascia  of  the  crown  mold  is  some- 
times ornamented  with  elaborate  carving,  although  shown 
plain  in  Fig.  34.  In  certain  cases  where  this  order  is  used, 
the  modillions  are  omitted,  as  in  the  example  shown  in 
Fig.  34.  This,  of  course,  cuts  down  the  projection  of  the 
corona,  for  the  bed  mold  is  then  placed  immediately  above 
the  modillion  molding  and  the  planccer  is  proportionately 
shortened.  The  planceer  is  usually  given  the  form  of  a  cyma 
in  such  cases,  as  shown  at  r,  in  Fig.  34. 
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ARCHITECTURAL  FORMS. 


MODIFICATIONS  OF  THE  COIiUMN. 


PILASTERS. 

67.  In  all  the  orders  thus  far  considered,  the  column 
proper  has  been  treated  as  a  round  or  cylindrical  form.  A 
need  arose,  however,  in  many  cases,  for  forms  rectangular 
or  square  in  plan,  and  we  find  such  forms  modified  some- 
what to  resemble  the  column.  Certain  varieties  of  this 
form  are  called  pilasters,  or  antae,  and  are  found  more  fre- 
quently in  modern  constructions  than 
in  examples  of  ancient  architecture. 
For  example,  the  face  of  a  wall  is 
frequently  broken  by  square  pro- 
jections approaching  the  column  in 
width  and  rising  to  a  height  simi- 
lar to  that  of  the  column.  When 
pilasters  are  intended  to  resemble  the 
column,  they  may  be  considered  as 
belonging  to  an  architectural  order, 
and  should  be  given  nearly  the  same 
treatment  as  the  column  of  the  order 
in  which  they  are  used.  Like  the 
column,  they  usually  consist  of  base, 
shaft,  and  capital. 

68.  The  base  most  commonly 
used  is  the  Attic  base  shown  in  Fig.  35 ; 
it  is  seen  to  consist  merely  of  a 
plain  fillet  and  torus  above  the  plinth 
block.  When  a  pilaster  is  used  to 
support  the  wall  end  of  an  entablature 

whose  outer  extremity  rests  on  a  column,  as  in  Fig.  36,  the 
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sides  of  the  pilaster  diminish  with  entasis  in  the  same 
manner  as  do  the  sides  of  the  column;  but  when  no  column 
is  present,  the  pilaster  is  straight  and  its  sides  are  parallel 
and  perpendicular  to  the  base,  as  shown  in  Fig.  35. 

69.  The  shaft  may  be  either  fluted  or  plain,  at  the  dis- 
cretion of  the  builder.  If  the  pilasters  are  fluted,  either 
seven  or  nine  grooves  are  used,  as  desired,  except  where  a 
pilaster  is  returned  on  the  angle  of  an  inside  corner,  as  in 
Fig.  37,  when  four  or  five  flutes  should  be  cut  on  each  face 


Pig.  86. 

in  order  to  avoid  bringing  a  flute  into  the  angle.  When  a 
pilaster  is  returned  on  an  exterior  corner,  a  full-width  face 
is  shown  on  each  side  of  the  angle,  as  in  Fig.  38.  Pilasters 
should  project  from  the  face  of  the  wall  in  proportion  to 
the  load  they  are  assumed  to  carry — amounts  varying  from 
one-fifth  to  two-thirds  being  considered  extremes.     When 
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pilasters  project  less  than  one-half  of  their  diameter,  the 
return  faces  are  not  fluted,  but  appear  as  shown  at  r, 
Fig.  37. 

60.  The  capitals  of  pilasters  differ  widely  even  when 
they  are  used  in  connection  with  one  or  more  columns  of 
the  architectural  orders  previously  described.  Occasionally, 
the  capital  will  be  a  modified  form  of  the  proper  classic 
capital  of  the  order  in  which  the  pilaster  is  used,  but  more 
often  it  is  merely  a  series  of  plain  moldings  more  or  less 


FIG.  87. 


Pig.  88. 


enriched  according  to  the  character  of  the  structure  in 
which  the  pilaster  is  used.  The  moldings  of  the  Tuscan 
and  Doric  capitals  very  readily  lend  themselves  for  use  on  a 
square  pilaster.  The  Ionic  and  Corinthian  capitals  are  fre- 
quently reproduced  on  square  pilasters,  but  the  artistic 
effect  may  be  questioned. 
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CLUSTERED  COLUMNS. 

61.     Certain  styles  of  architecture  of  less  antiquity  than 
the  classic  orders  already  described  are  distinguished    by 

what  are  known  as  clustered 
columns.  An  example  of 
such  a  column  is  shown  in 
Fig.  39.  It  usually  consists 
of  a  somewhat  complicated 
group  of  small  shafts  sur- 
rounding a  central  core.  In 
some  cases  the  central  core 
is  square  or  octagonal  in 
plan,  with  half-round  col- 
umns against  its  sides;  in 
other  examples  a  number  of 
round  columns  are  grouped 
together  and  mitered  in  the 
same  way  in  which  a  carpen- 
ter would  miter  his  moldings, 
that  is,  by  cutting  vertically 


Fio.  89.  Fig.  40. 

through  the  columns  on  regularly  established  miter  lines. 
A  plan  of  the  column  first  described  is  shown  at  (^),  Fig.  40, 
while  a  plan  of  round  mitered  columns  is  represented  at  (^), 
Fig.  40. 


BALUSTERS. 

62.  Another  architectural  form  somewhat  related  to 
the  column  is  the  baluster.  It  is  primarily  used  to  support 
a  hand  rail  placed  in  front  of  windows  or  around  enclosures 
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for  balconies,  and  is  frequently  utilized  as  an  ornamental 
finish  on  the  roof  line  of  a  building  above  the  main  cornice. 
A  balustrade  is  essentially  a  series  of 
balusters  with  base  and  cap  rails,  and  may 
be  placed  between  columnar  pedestals  or 
it  may  have  independent  angle  piers  with 
intermediate  piers  to  strengthen  its  con- 
struction. It  should  always  partake  of 
the  general  characteristics  of  the  struc- 
ture of  which  it  forms  a  part.  The  balus- 
ters in  any  panel  should  always  be  odd  in 
number  and  should  be  so  spaced  that 
the  distance  between  them  will  be  equal 
to  half  their  largest  diameter.  In  order 
to  determine  the  best  proportions  to  give 
the  different  parts  of  the  balustrade,  the 
whole  height  should  be  divided  into 
thirteen  equal  parts,  as  shown  in  Fig.  41, 
of  which  the  height  of  the  baluster  is 
eight  parts,  that  of  the  base  three  parts,  and  that  of  the 
cornice,  or  rail,  two  parts. 


Fio.  41. 


63.  Balustrades  intended  for  actual  use  in  a  building — 
that  is,  when  they  are  intended  to  serve  the  purpose  of  a 
hand  railing — should  not  be  less  than  3  feet  nor  more  than 
3  feet  6  inches  in  height.  When  used  for  purely  ornamental 
purposes,  however,  as  in  crowning  the  main  cornice  of  a 
building,  the  balustrade  should  bear  some  proportion  to  the 
parts  of  the  building — that  is,  it  should  never  exceed  four- 
fifths  of  the  height  of  the  entablature.  The  balustrade  may 
be  placed  on  a  plinth  if  necessary  to  raise  it  so  that  the  en- 
tire balustrade  can  be  seen  from  the  best  point  of  view  for 
the  building  itself.  The  baluster  varies  in  shape  and  pro- 
portion of  thickness  to  length  of  shaft  in  accordance  with 
the  order  in  which  it  is  used.  The  plinth  g  and  the  abacus  // 
are  always  square,  and  the  shaft,  or,  as  it  is  sometimes  called, 
the  vase  k^  is  nearly  always  round.  When  the  balustrade 
is   used   in   connection  with   the   Tuscan   order,  however. 
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the  vase  is  sometimes  made  square  in  plan.  The  thick- 
ness of  the  baluster  at  rf,  the  heaviest  part  of  the  vase, 
should  correspond  with  the  diameter  of  the  plinth^,  and 
should  be  equivalent  to  about  three  of  the  thirteen  parts  into 
which  the  whole  height  of  the  balustrade  is  divided.  The 
abacus  should  be  about  one-seventh  less  than  the  width  d^ 
while  at  e^  e^  the  two  slender  portions  of  the  vase,  the  thick- 
ness should  be  about  one  part.  The  proportions  just  given 
may  be  assumed  as  correct  for  use  with  the  heavier  orders, 
as  the  Tuscan  and  the  Doric,  while  balusters  of  more  slender 
proportions  may  be  constructed  for  the  later  orders. 


CliASSIC  MOIiDINGS. 

64.  Moldings  serve  a  twofold  purpose  in  architectural 
construction :  first,  they  give  variety  to  the  outline  of  the 
principal  divisions  of  an  order,  such  as  the  base,  capital,  en- 
tablature, etc. ;  and,  second,  they  serve  to  divide  the  verti- 
cal surfaces  and  cast  horizontal  shadows  to  emphasize  the 
divisions,  thus  preventing  a  monotonous  appearance  in  the 
general  mass.  The  profile  of  the  molding  is  of  vast  impor- 
tance, since  on  its  contour  depend  the  strength  and  depth  of 
the  shadows  and  the  character  of  the  outline.  This  feature 
was  recognized  by  the  ancient  architects  to  its  fullest  extent, 
and  in  the  principal  divisions  of  the  orders  into  Grecian  and 
Roman  interpretation,  we  find  two  entirely  different  sys- 
tems employed.  It  has  already  been  noted  that  Grecian 
architecture  is  distinguished  by  the  grace  of  its  proportions 
and  by  the  beauty  of  its  outlines,  which,  in  nearly  every 
instance,  are  found  to  follow  the  curves  of  the  conic  sec- 
tions, generally  the  parabola  or  the  hyperbola.  Occasion- 
ally an  outline  is  encountered  whose  profile  is  that  of  the 
ellipse,  and  very  rarely  the  circle.  Roman  moldings,  on 
the  contrary,  are  nearly  always  formed  from  the  arcs  of  one 
or  more  circles,  and  for  this  reason  their  profiles  are  deficient 
in  that  expression  of  delicacy  and  refinement  that  charac- 
terizes the  details  of  the  Greek  monuments. 
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65,  The  principal  moldings  found  in  classic  architecture 
are  eight  in  number.  Bach  is  known  by  a  name  descriptive 
of  its  shape  or  general  purpose.  Inasmuch  as  the  Roman 
moldings  are  identical  in  name  and  similar  in  purpose  to 
their  Grecian  prototypes,  the  two  varieties  may  be  studied 
simultaneously  in  the  following  text.  The  Grecian  molds 
are  designated  in  the  illustrations  by  upper  case,  or  capital, 
letters,  while  those  of  Roman  construction  are  indicated  by 
lower  case,  or  small,  letters. 

66.  The  fillets  A,  a^  Fig.  42,  are  simply  square-edged 
bands  in  both  orders,  and  are  rarely  ornamented.  They  are 
generally  used  in  connection  with  some  other  molding,  and 
are  frequently  employed  to  separate  the  individual  members 


Pig.  42. 

of  a  group  of  moldings,  as  in  the  base  and  capital  of  a 
column.  They  are  also  used  to  emphasize  the  divisional 
line  between  the  surfaces  of  distinct  members,  as  in  the 
entablature  between  the  architrave  and  the  frieze.  The 
fillet  derives  its  name  from  a  Latin  word  meaning  a  thread. 

67.     The  undulated  moldings  B^  b  and  C,  c.  Fig.  42,  are 
known,    respectively,   as  cyma   rectas  and   cyma  reversas, 
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which  have  been  previously  defined.  Thecyma  recta  is  con- 
cave in  its  upper  part  and  convex  below,  as  shown  at  B  and  i, 
while  the  cyma  reversa  is  convex  above  and  concave  below, 
as  shown  at  C  and  c.  The  cyma  recta  is  frequently  seen  in 
the  crowning  member  of  cornices,  in  which  situation  it  acts 
as  a  hood,  or  covering,  to  shelter  the  lower  members;  on 
this  account  it  is  often  referred  to  as  a  crown  molding.  It 
is  not  well  adapted  for  use  as  a  supporting  member,  and  is 
rarely  so  used.  It  is  frequently  ornamented  with  designs  of 
the  honeysuckle,  or  anthemion,  leaf  or  other  floral  devices, 
which  are  invariably  carved  in  relief.  The  shadow  of  this 
molding  is  very  sharp  and  distinct  at  the  top  and  the  bot- 
tom, blending  off  at  the  center  where  the  full  strength  of 
the  light  is  shown.  The  method  of  constructing  the  arcs 
for  the  cyma  recta  at  b  will  be  understood  from  the  draw- 
ing. At  i? '  is  shown  a  cyma  whose  outline  is  that  of  the 
parabolic  curve,  the  construction  of  which  will  appear  if  the 
formation  of  the  dotted  lines  is  closely  studied.  At  B'  the 
cyma  is  constructed  with  elliptical  curves  that  will  be 
familiar  to  the  student  who  recalls  a  certain  problem  in 
Geometrical  Drawing. 

68.  The  cyma  reversas  C  and  c  have  all  the  varieties  of 
curve  possessed  by  thecyma  rectas.  As  the  name  indicates, 
the  curves  are  reversed  from  the  position  occupied  in  the 
cyma  recta,  and,  as  a  rule,  the  curves  themselves  are  more 
deeply  cut.  This  molding  is  enriched  more  frequently  than 
the  cyma  recta,  and,  unlike  that  molding,  is  well  adapted  for 
use  as  a  supporting  member.  Both  forms  of  the  cyma  are 
also  known  as  the  ogee,  a  term  perhaps  more  frequently 
employed  by  trade  workers  than  the  more  technical  word 
cyma.  The  word  cyma  is  derived  from  a  Greek  word  mean- 
ing a  wave,  while  the  words  recta  and  reversa  define  the 
position,  and  mean,  respectively,  upright,  and  reversed,  or 
opposite. 

69.  The  cavettos,  or  cove  molds,  shown  at  D  and  d, 
Fig.  43,  are  concave  moldings  whose  outlines  are  almost 
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identical  with  the  upper  part  of  the  cyma  recta.  They  are 
used  as  crowning  members  and  as  a  means  of  obviating  the 
sharp  angle  that,  without  it,  would  occur  between  a  fascia 
and  a  fillet.  These  molds  are  never  used  for  base  members 
and  are  never  ornamented. 

70.  Moldings  that  have  for  their  outline  a  form  com- 
monly known  as  quarter  rounds  are  shown  at  E  and  ^, 
Fig.  43.     Here  it  is  seen  that  the  mold  at  e  is  composed  of 


1X 


J    I 


PIG.  48. 

a  quarter  circle;  this  is  the  Roman  form  of  the  quarter 
round  and  is  known  as  the  ovolo.  The  Grecian  form  is 
known  as  the  echinus  mold  E^  Fig.  43,  and  is  defined  by  an 
elliptical  or  parabolic  ^rc.  The  outlines  of  both  of  these 
X    IL—SJt 
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molds  correspond  very  closely  to  the  upper  portion  of  the 
cyma  reversa.  They  are  well  adapted  for  use  as  supporting 
members,  although  seldom  used  in  places  below  the  level  of 
the  eye.  The  egg-and-dart  ornament  is  a  favorite  enrich- 
ment for  this  molding,  and  is  always  cut  into  its  surface — 
never  carved  in  relief. 

71.  The  bead  mold  is  a  small  molding  whose  profile  is 
rather  more  than  a  semicircle,  as  shown  at  /^and/,  Fig.  43. 
It  is  seldom  used  by  itself,  being  found  in  connection  with  a 
fillet  separating  two  larger  or  more  important  members,  or 
else  dividing  a  large  vertical  surface  by  a  long  broken 
shadow,  as  between  the  fascias  of  the  Roman  Corinthian 
architrave.  The  bead  molding  is  nearly  always  carved  into 
a  series  of  globular  and  disk  forms,  from  which  it  derives  its 
name. 

72.  The  scotlas  G  and  g^  Fig.  43,  are  hollow  moldings 
used  almost  entirely  in  the  bases  of  columns  between  the 
fillets  that  accompany  the  two  torus  moldings.  The  contour 
of  the  scotia  is  identical  with  that  of  the  reversed  ovolo,  and 
it  casts  a  deep  shadow.  It  is  therefore  most  frequently  used 
in  positions  that  fall  below  the  level  of  the  eye,  where  it  is 
in  contrast  and  thus  strengthens  the  effect  of  the  adjacent 
moldings.  The  name  scotia  is  from  a  Greek  word  meaning 
darkness. 

73.  The  torus  is  the  principal  molding  used  in  the  bases 
of  the  columns  in  all  the  five  orders;  it  is  usually  used  twice, 
and  the  two  torus  moldings  are  separated  by  a  scotia,  as  just 
explained.  Torus  molds  are  shown  at  //  and  A,  Fig.  43. 
The  upper  torus  of  a  base  is  usually  the  smaller,  and  pro- 
duces, with  the  escape  of  the  shaft,  an  effect  similar  to  that 
of  the  cyma,  while  a  corresponding  effect  is  produced  by  the 
lower  torus  and  the  scotia. 

74.  Practice  in  the  geometrical  constructions  necessary 
to  produce   the    moldings    here    shown    is  essential   to  the 
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student,  and  he  should  endeavor  to  acquire  a  certain  amount 
of  proficiency  in  such  work.  Of  much  more  advantage, 
however,  will  be  the  facility  of  producing  close  approxima- 
tions to  these  curves  by  mere  freehand  methods.  Freehand 
work  should  not  be  attempted  at  first,  nor  until  the  student 
has  learned  to  recognize  the  curve  needed  for  a  particular 
place.  After  he  has  acquired  this  information,  however, 
much  time  will  be  saved,  when  making  detail  drawings,  if 
he  is  able  to  draw  the  required  curves  without  instruments. 


PEDIMENTS. 

75.  The  gable  ends  of  structures  are  frequently  finished 
with  moldings  similar  to  those  used  in  the  crown  molds  of 
their  entablatures.  A  molding  so  used  is  shown  in  Fig.  44, 
and  is  called  a  rake  mold.     When  a  rake  molding  is  finished 


Pig.  44. 

at  its  lower  extremity,  as  shown  in  this  illustration,  on  a 
return  of  the  main  cornice,  it  is  customary  to  use,  for  the 
profile  of  the  rake  mold,  an  outline  similar  to  that  used  for 
the  members  of  the  main  cornice.  In  many  cases,  however, 
it  is  desirable  to  return  the   upper  members  of  the  main 
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Fig.  45. 
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cornice  along  the  line  of  the  rake  mold  in  the  manner  shown 
in  Fig.  45.  When  such  a  construction  is  to  be  used,  the  profile 
of  the  rake  mold  must  be  determined  by  certain  operations 
in  projection  drawing,  in  order  to  insure  a  correct  miter  of 
the  several  members.  The  method  of  finding  this  profile  is 
shown  in  Fig.  46.  The  profile 
of  the  main  cornice  is  first  drawn 
in  the  usual  position,  as  repre- 
sented at  (a).  Points  are  next 
designated  at  the  angular  bends 
of  the  molding,  as  indicated  by 
the  letters  a,  b,c^  etc.,  Fig.  46, 
and  points  are  also  located  on 
the  curved  outlines  of  the  other 
members  by  spacing  such  curves 
with  the  dividers,  as  at  1,  2^  S, 
etc.,  Fig.  46.  A  series  of  par- 
allel lines  at  the  angle  of  the  de- 
sired rake  mold  is  then  drawn 
through  these  points  and  extended  some  distance  away  from 
the  miter.  The  view  shown  at  {b)  is  next  drawn;  this  view 
is  merely  a  copy  of  the  profile  shown  at  {a),  but  is  so  placed 
as  to  be  at  right  angles  to  the  raking  lines  of  the  mold. 
Points  must  be  located  on  the  outline  of  this  profile  in  the 
same  relative  positions  as  occupied  in  the  view  at  {a) ;  to 
assist  the  student  in  comparing  the  drawings,  similar  points 
in  both  views  have  been  designated  by  corresponding  letters 
and  figures;  thus,  a\  b\  1\  etc.  at  {b)  correspond  in  posi- 
tion to  a^  b,  i,  etc.  at  (a).  The  parallel  lines  in  the  rake 
mold  are  next  intersected  by  perpendiculars  drawn  from  the 
view  at  {b),  and  the  profile  of  the  required  rake  mold  may 
then  be  drawn  through  the  points  of  intersection,  as  shown 
in  Fig.  46  at  a\  b\  1\  etc. 


PlO.  46. 


76.  It  sometimes  happens  that  the  original  profile  of  a 
crown  mold  must  be  used  for  the  rake  mold,  in  which  case 
the  profile  for  the  return  must  be  developed  by  a  proc- 
ess exactly   the  opposite  of  that  shown  in  Fig.   46.     This 
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construction   is  shown   in   detail   in    Fig.   47,  in  which  the 
profile  of  the  rake  mold  is  represented  at  (a).     Points  are 

first  located  on  its  outline  in  the 
same  manner  as  before  described, 
and  parallels  that  extend  indefi- 
nitely toward  the  left  in  Fig.  47 
are  drawn  through  these  points. 
A  profile  similar  to  that  at  (^), 
with  division  points  spaced  in  a 
corresponding  manner,  is  next 
drawn  in  the  position  shown  at 
(d),  and  the  reconstructed  profile 
for  the  return  molding  is  next 
traced  through  the  points  of  intersection  determined  by  the 
vertical  projectors  drawn  from  the  view  at  (d). 

77,  When  a  rake  molding  is  large  and  great  projection 
is  required,  members  other  than  those  of  the  crown  mold 
are  sometimes  used.  In  such  cases  the  brackets,  or  modil- 
lions,  used  in  the  main  cornice  are  frequently  added  to  the 
rake  mold.  The  sides  of  such  modillions  should  be  kept 
in  a  vertical   plane,  as  shown  at  ^,  a,  a,  Fig.  48,  and  not 


Fig.  47. 


Fig.  48. 

placed  on  the  rake  mold  perpendicular  to  the  lines  of  its 
members,  as  is  sometimes  incorrectly  done.  This  incorrect 
use  of  the  rake  mold  is  shown  at  ^,  b,  b^  Fig.  48,  and  is 
never  allowable  in  good  practice.  The  method  used  in  ob- 
taining the  profiles  for  the  raking  modillion  is  quite  similar 
to  that  used  for  the  profile  of  the  molding,  and  will  be 
understood  from  an  examination  of  the  drawing. 
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78,  When  rake  moldings  are  employed  to  finish  the  ends^ 
of  a  roof,  as  in  Figs.  44  and  45,  they  are  often  referred  to 
as  gable  moldings. 
They  are  used  also 
in  connection  with 
the  pediment,  an 
ornamental  form 
of  gable  frequently 
placed  over  door  or 
wide  window  open- 
ings, and  sometimes 
over  the  tops  of 
the  main  cornices 
of  structures.  A 
variety  of  this 
architectural  form, 
known  as  the  bro- 
ken pediment,  is  shown  in  Fig.  49,  in  which  it  will  be  noticed 
that  the  molds,  in  place  of  being  continued  to  the  upper 
miter,  as  in  Figs.  44  and  45,  are  cut  off  in  a  particular  man- 
ner some  distance    below.     An   urn   or   other   ornamental 


Fig.  49. 
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form  usually  occupies  the  open  space  at  the*  top  of  these 
pediments,  while  the  members  of  the  rake  mold  are  re- 
turned in  a  profile  obtained  in  a  particular  manner.     This 


Digitized  by  VjOOQ  IC         ^ 


70 


ARCHITECTURAL   PROPORTION. 


§20 


profile  is  determined  by  an  operation  in  projection  drawing 
similar  to  that  already  explained. 

79.  The  drawing  in  Fig.  50  represents  the  method  used 
in  finding  rake  profiles  for  circular  molds  and  also  for  deter- 
mining the  profile  of  an  upper  return  in  a  broken  pediment 
whose  rake  molds  are  described  with  circular  arcs.  This 
drawing  is  constructed  by  a  process  similar  to  that  used  in 
Figs.  46  and  47,  and  should  be  understood  by  the  student 
without  further  explanation. 


ARCHES. 


80.  Names  of  the  Different  Parts,  —  The  principal 
parts  of  the  arch  will  be  understood  after  an  examination  of 
Fig.  51,  which  represents  an  ordinary  semicircular  arch. 
From  this  drawing  it  is  seen  that  the  curve  of  the  arch  rises, 
or,  to  express  its  formation  in  the  terms  usually  employed 


Fig.  51. 


when  speaking  of  arches,  the  arch  springs  from  two  piers  a^  a 
on  either  side  of  the  opening.  These  piers  are  called  abut- 
ments, and  a  line  drawn  across  the  opening  from  the  tops 
of  these  piers  is  called  the  springrlng:  line,  or  spring:  line. 
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of  the  arch.  The  stones  that  rest  on  the  abutments,  and  in 
which  the  first  indication  of  the  curve  of  the  arch  is  noted, 
are  called  skei^rbacks,  shown  at  d,  b.  The  arch  itself  con- 
sists of  wedge-shaped  stones  c  called  vonseoirs,  or  rtng: 
stones.  The  voussoirs  are  sometimes  of  varying  sizes,  but 
for  the  same  arch  are  generally  made  as  nearly  uniform  as 
possible.  The  center  stone  at  the  top  of  the  arch  is  called 
the  keystone,  and  is  always  so  placed  that  a  vertical  center 
line  drawn  through  the  opening  covered  by  the  arch  passes 
through  its  axis.  The  voussoirs  between  the  keystone  and 
the  skewbacks  are  collectively  called  the  liaunches  of  the 
arch.  The  under  surface  of  an  arch  is  called  its  soffit,  and 
the  line  that  represents  the  curve  of  the  soffit — that  is,  the 
line  that  defines  the  clear  opening  through  the  arch  in 
Fig.  51 — is  called  the  Intrados.  The  line  parallel  to  the  in- 
trados  that  defines  the  outer  ends  of  the  voussoirs  is  called 
the  extrados.  The  span  of  an  arch  is  the  horizontal  dis- 
tance between  the  abutments,  and  the  rise  is  the  distance 
of  the  extreme  vertical  height  from  the  springing  line  to 
the  intrados. 

Certain  rather  intricate  problems  in  engineering  are  in- 
volved in  the  construction  of  arches,  and  for  this  reason 
their  use  among  the  ancients  was  rather  limited.  As  already 
mentioned,  the  Romans  were  the  first  to  make  important 
use  of  the  arch,  and  several  examples  of  their  work  are  in 
existence  at  the  present  day. 

We  shall  now  proceed  to  a  brief  examination  of  several 
varieties  of  arches,  paying  attention  only  to  their  general 
forms. 


KINBS  OP  ARCITES. 

81.  Arches  are  frequently  named,  from  the  curve  of  the 
intrados,  as  semicircular,  elliptical,  pointed,  etc.  The  semi- 
circular arch,  as  its  name  indicates,  is  one  whose  intrados 
is  a  half  circle.  This  variety  has  already  been  referred  to 
in  the  description  of  Fig.  51. 
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83,  The  segrmental  arch,  shown  in  Fig.  52,  is  one  in 
which  the  intrados  is  generally  an  arc  of  long  radius,  less 
than  a  semicircle.  The  curve  of  the  intrados  in  the  seg- 
mental arch  is  sometimes  composed  of  arcs  of  two  or  three 


FIO.  62. 

different  radii,  in  which  case  the  arch  is  termed  a  three-  or 
a  five-centered  arch.  A  three-centered  segmental  arch  is 
shown  in  Fig.  53,  from  which  illustration  it  will  be  seen  that 


PIG.  68. 


the  upper  part  of  the  arch  has  a  long  radius  with  a  center 
at  ^,  while  the  portions  near  the  springing  line  have  com- 
paratively shorter  and  equal  radij,  with  centers  at  o^  and  o\ 
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The  method  of  indicating  the  joint  lines  between  the 
voussoirs  of  segmental  arches  will  be  understood  from  the 
manner  in  which  the  dotted  lines  are  drawn  across  the  open- 
ing to  the  respective  centers  of  curvature.  This  arch  is 
nearly  elliptical  in  form,  and  is  sometimes  erroneously 
termed  an  elliptical  arch. 

83.  The  true  elliptical  arch,  however,  is  one  in  which 
the  curve  of  the  intrados  is  defined  by  a  semi-ellipse,  as 
shown  in  Fig.  54.  The  voussoir  joints  in  this  arch  are  always 
perpendicular  to  tangents  of  the  intrados^— that  is,  the  direc- 
tion of  any  joint  line  is  at  right  angles  to  that  of  the  tangent 
which  passes  through  the  intersection  of  the  joint  line  with 
the  intrados.  This  will  be  understood  from  Fig.  54,  in 
which  the  foci  of  the  semi-ellipse  have  been  located   at  o 


Fig.  64. 

and  o\  by  the  method  described  in  Geometrical  Drawing. 
The  number  of  voussoirs  is  first  decided  upon  and  spaced 
off  on  the  outline  of  the  ellipse,  as  indicated  by  the  points 
^,  ^,  r,  //,  etc..  Fig.  54.  To  determine  the  direction  of  any 
joint  line,  as  at  d^  draw  do  and  do\  and  bisect  the  angle 
at  d.  This  bisector  produced  beyond  the  line  of  the  intrados, 
as  shown  in  Fig.  54,  defines  the  joint  line  at  rf,  and  the  joint 
lines  for  the  remaining  points  on  the  intrados  are  determined 
in  a  similar  manner. 
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84.  Another  variety  of  arch  is  known  as  the  pointed 
arch,  Fig.  55.  Its  intrados  is  formed  by  two  arcs  of  equal 
radii  intersecting  at  the  crown.  The  arch  shown  in  Fig.  55 
is  also  known  as  an  equilateral  pointed  arch,  since  the  radius 
of  the  intrados  is  equal  to  the  span.  This  arch  is  charac- 
teristic of  a  style  of  architecture  known  as  Gothic.     It  will 


PlO.  66. 

be  seen  from  the  illustration  that  the  intrados  and  the  ex- 
trados  are  concentric,  the  centers  of  both  curves  being  located 
at  a  and  a\  Since  these  centers  are  located  some  distance 
above  the  springing  line  bb^  the  arch  is  sometimes  described 

as  a  stilted  arch, 
and  the  perpendicu- 
lar distance  between 
the  centers  and  the 
springing  line  is 
called  the  stilt  of 
the  arch. 

85,    A  variety  of 
arch    in   which    the 
extrados     is     com- 
posed    of      pointed 
^^^-  ^'  curves   and   the  in- 

trados is  formed  by  a  semicircle  is  shown  in  Fig.  56.     Such 
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arches  are  found  in  Venice  and  are  sometimes  termed 
Venetian  Gothic  arches.  The  center  for  the  semicircular 
intrados  is  at  a^  while  the  centers  for  the  pointed  extrados 
are  at  b  and  b\ 

86.     What  is  known  as  the  horseshoe,  or  Moorish,  arch 

is  represented  in  Fig.  57.  The  palace  of  the  Alhambra  in 
Spain,  which  has  already  been  referred  to  as  an  example  of 
Saracenic  architecture,  has  some  of  the  best  examples  of  this 


FIG.  57. 

arch,  many  of  them  being  enriched  in  a  very  elaborate  man- 
ner, l^his  arch  is  sometimes  built  with  the  intrados  and 
extrados  concentric,  but  in  the  arch  here  shown  the  center 
for  the  intrados  is  at  a^  while  at  b  and  b*  are  the  centers  for 
the  pointed  extrados.  In  all  horseshoe  arches  the  center  is 
stilted  far  above  the  springing  line  in  order  to  produce  the 
desired  effect. 
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87.  Arches  used  in  structures  whose  walls  are  composed 
of  coursed  stonework,  or,  as  it  is  termed,  ashlar  work,  often 
have  their  extrados  so  formed  as  to  present  an  appearance 
of  bonding  in  the  voussoirs.  This  construction,  which  occa- 
sions much  extra  expense  when  the  work  is. executed  in 
stone,  on  account  of  the  labor  involved,  is  usually  seen  only 
in  large  structures. 

88.  The  flat  arch,  Fig.  58,  is  very  common  in  modern 
architecture.     In  order  that  it  may  be  self-supporting,  this 


Fig.  58. 

arch  must  be  of  such  size  that  a  segmental  arch  of  proper 
radius  and  sufficient  depth  can  be  drawn  on  its  face,  as  in- 
dicated by  the  dotted  arcs  ^,  a  in  Fig.  58.  This  arch  should 
have  a  radius  equal  to  the  width  of  the  opening,  and  is  sel- 
dom used  for  openings  wider  than  5  feet.  The  keystones 
of  flat  arches  usually  project  about  one  inch  below  the  soffit 
of  the  arch,  and  the  joint  lines  of  the  voussoirs  are  always 
drawn  radially  from  the  center  o. 
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89.  Arches  are  often  decorated  with  more  or  less  elabo- 
rate moldings,  known  as  label  and  soffit  moldings.  These 
are  illustrated  in  Fig.  59,  in  which  a  is  the  label  mold  and  b 
the   soffit   mold.     The  profiles  of  these   moldings  may  be 


Pig.  59. 


varied  to  suit  the  fancy  of  the  designer,  although  the  cyma 
recta  with  fillets,  as  shown  in  Fig.  59,  is  frequently  used 
for  the  label  mold,  while  the  bead  molding  shown  at  b  is 
commonly  employed  for  the  soffit  mold. 


WINDOW  TRACERY. 

90,  Brief  mention  has  been  made  of  the  value  of  win- 
dow tracery  in  the  earlier  examples  of  architecture,  as 
affording  a  means  for  determining  the  date  at  which  the 
structure  was  erected.  Without  entering  into  this  part  of 
the  subject,  which  more  properly  belongs  to  the  province  of 
the  architectural  student,  we  will  now  consider  a  few  con- 
structive features  of  the  tracery,  together  with  the  elements 
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of  its  composition.  Since  the  materials  commonly  used  for 
constructions  of  this  nature  at  the  present  time  are  those 
worked  by  the  stonecutter,  the  carpenter,  and  the  archi- 
tectural sheet-metal  worker,  these  artisans  are  frequently 
required  to  produce  full-sized  detail  drawings  for  such  work. 
Designs  for  window  tracery  consist  of  more  or  less  elaborate 
geometrical  constructions  in  which  the  circle,  square,  and 
triangle,  together  with  their  subdivisions,  are  used  as  a 
basis.  The  pentagon,  hexagon,  octagon,  and  other  polyg- 
onal forms  are  also  used  extensively  in  the  more  compli- 
cated designs. 

91,     The  designs  for  window  tracery  depend,  to  a  cer- 
tain extent,  on  the  formation  of  the  arch  and  also  on  the 

numberof  divisions  into  which 

the  opening  of  the  window  or 
doorway  is  divided.  The  prin- 
cipal openings  for  the  admis- 
sion of  light  in  a  window  are 
called  days.  When  a  window 
has  but  one  of  these  openings 
and  is  covered  with  an  arch 
whose  intrados  is  described 
with  a  radius  equal  to  the 
width  of  the  opening — that  is, 
an  equilateral  arch — it  may  be 
said  to  be  in  its  simplest  form, 
and  is  seldom  relieved  with 
tracery.  In  the  more  elabo- 
rate constructions,  however, 
windows  are  divided  into  two 
or  three  days  and  these  often 
are  subdivided  in  a  similar 
manner,  forming  multiples. 
The  upright  bars  that  sepa- 
rate the  days  of  a  window  are 
called  mullions.  The  projecting  edges  of  these  mullions 
are  frequently  decorated  with  moldings,  the  profiles  of  which 


Fig.  60. 
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are  used  also  for  the  solid  portions  of  the  tracery.  The 
ornamental  portion  of  the  window  in  which  the  tracery  is 
displayed  is  called  the  head  oi  the  window. 

92.  Fig.  60  illustrates  a  comparatively  simple  form  of 
window  tracery — a  window  of  two  single  days.  In  this 
illustration  a,  a  are 
the  days,  b  is  the 
mullion,  and  c  is 
the  window  head, 
ornamented  in  this 
instance  with  a 
four-lobed  figure  d 
known  as  the^«^r- 
terfoil. 

An  example  of 
a  window  with 
three  days  is 
shown  in  Fig.  61. 
Here  the  tracery 
is  somewhat  more 
elaborate  and  is 
formed  principally 
by  three  cir- 
cles abc^  d^f-i 
and  egh^  each  of 
which  contains  a  trefoil/ or  a  quarterfoil  k.  The  geometri- 
cal construction  will  be  understood  from  the  dotted  lines  in 
the  right-hand  portion  of  the  figure.  The  centers  from 
which  the  side  arches  are  described  are  indicated  by  the 
points  0^  0^  while  &  is  the  center  for  the  arcs  composing  the 
central  arch  whose  apex  is  at  /.  The  intrados  for  the  main 
arch  is  described  with  arcs  whose  centers  are  at  r  and  s. 
The  positions  of  the  remaining  centers  may  be  determined 
by  means  of  the  dotted  construction  lines. 

A  window  composed  of  two  principal  days,  each  subdi- 
vided into  three  minor  days,  is  shown  in  Fig.  62.  The  de- 
sign in  this  instance  is  far  more  complicated  and  exhibits 

.4    11.— s^ 
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greater  skill  in  the  geometrical  construction.  The  princi- 
pal figure  of  the  tracery  is  seen  to  be  the  large  circle  whose 
center  is  at  o  and  whose  diameter  is  equal  to  one-half  the 
width  of  the  window.     The  circumference  of  this  circle  is 


Fig.  83. 

divided  into  twelve  parts,  and  smaller  circles,  7,  2^  S,  4,  5, 
etc.,  tangent  to  one  another  and  to  the  circumference  of 
the  great  circle  on  its  interior,  are  described  as  shown  in 
Fig.  02. 

93.  Another  window  of  six  days  whose  formation  dif- 
fers from  that  shown  in  Fig.  02  in  the  respect  that  its 
principal  days  are  three  in  number,  is  shown  in  Fig.  03. 
Each  of  the  three  principal  days  is  here  divided  into  two 
minor  days,  and  the  circle  that  forms  the  basis  for  the 
tracery  is  divided  even  more  intricately  than  in  the  window 
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just  described.  The  geometrical  problems  given  in  the 
earlier  portion  of  this  Course  will  be  the  means  of  suggest- 
ing many  construc- 
tions that  may  be 
applied  to  the  for- 
mation of  tracery, 
and  will  serve  as 
a  test  of  the  stu- 
dent's ingenuity. 
Besides  being  used 
for  the  purposes 
for  which  they  were 
originally  designed, 
traceries  are  not 
infrequently  em- 
ployed in  decora- 
tive panels.  They 
are  favorite  con- 
structions with  the 

church      architect,  Pio.es. 

and  are  seen  in  interior  as  well  as  exterior  work. 


NAME  AISTD  DATE  PANEIiS. 

94.  Although  used  very  frequently  in  modern  construc- 
tion, these  are  not,  strictly  speaking,  separate  architectural 
forms.  The  features  of  principal  importance  in  such  panels 
are  to  be  found  in  the  formation  of  the  letters  and  figures 
used,  and  it  is  to  assist  the  student  in  their  construction 
that  the  subject  of  panels  is  here  introduced.  The  custom 
of  placing,  in  some  prominent  position  on  a  structure,  the 
date  of  its  erection  or  some  inscription  relative  to  the  char- 
acter of  the  building  is  of  very  remote  origin.  Such  in- 
scription, or  lettering,  was  commonly  placed  in  the  frieze  of 
the  entablature  or  in  the  background  of  a  pediment,  and 
this  practice  is  still  followed  for  buildings  whose  elements 
of  design  are  modeled  on  classic  lines.     The  requirements 
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of  the  modern  commercial  world,  however,  demand  that 
inscriptions  placed  on  buildings  intended  for  business  use 
shall  be  as  conspicuous  as  possible,  and  in  order  to  render 
the  lettering  more  prominent,  the  ingenuity  of  the  archi- 
tect is  called  on  to  devise  ways  and  means  for  accomplishing 
this  result  without  detracting  from  the  appearance  of  the 
building.  This  is  a  difficult  task  at  best,  since  the  use  of  a 
building  for  advertising  purposes  was  surely  not  contem- 
plated by  the  originators  of  the  classic  orders.  The  ugli- 
ness of  the  modern  sign,  however,  may  often  be  relieved  by 
suitable  moldings  properly  disposed  as  panels,  but  first  con- 
sideration should  invariably  be  given  to  the  formation  of  the 
letters  and  figures  used.  Perhaps  nothing  detracts  so  much 
from  the  appearance  of  a  well-proportioned  building  whose 
graceful  moldings  have  been  carefully  planned  as  the  intro- 
duction of  ill-shaped  lettering.  In  order  that  the  student 
may  form  some  idea  of  the  correct  construction  of  letters 
and  figures,  two  representative  alphabets  are  illustrated  on 
the  accompanying  pages. 

95.  The  first  of  these,  shown  in  Fig.  64,  is  known  as  the 
block-letter  style  of  alphabet,  and  has  long  been  a  favorite 
with  architectural  workers  owing  to  the  sharp  effect  of  the 
letters  when  exposed  in  a  panel  and  the  ease  with  which  its 
lines  may  be  reproduced.  These  letters  may  be  copied  in 
any  desired  size,  if  attention  is  paid  to  the  background  or 
network  of  crossed  lines  on  which  the  letters  are  shown. 


Pig  65. 

Suppose,  for  example,  that  a  panel  containing  the  words 
**  Colliery  Engineer  Co."  is  desired,  and  that  the  letters 
must  be  15  inches  in  height.  It  is  necessary  only  to 
lay  off  on  the  drawing  board  a  vertical  line  16  inches  in 
length,  and  to  divide  this  line  into  five  equal  spaces  corre- 
sponding to  the  number  of  smaller  squares  contained  in  the 
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height  of  the  letters  in  Fig.  64.  Through  each  of  the  points 
located  on  the  vertical  line,  horizontals  of  indefinite  length 
are  drawn,  and  later  other  verticals,  in  order  that  the  net- 
work of  lines  may  be  as  represented  in  Fig.  64.  Beginning 
with  the  C  and  filling  the  squares  in  the  manner  indicated 
in  the  illustration,  the  student  will  find  that  the  reproduction 
of  the  letters  in  Fig.  65  thus  becomes  merely  a  mechanical 
matter,  while  the  appearance  of  the  letters  is  as  satisfac- 
tory as  if  the  services  of  a  skilled  sign  writer  had  been 
employed. 

96.  Oblique  letters  may  be  made  by  a  simple  modifica- 
tion of  the  foregoing  process.  Having  decided  on  the 
amount  of  inclination,  the  network  may  be  constructed  as 
shown  in  Fig.  66,  and  the  letters  copied,  as  in  the  former 
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case.  In  this  instance,  however,  only  the  outer  outlines  of 
the  letters  should  be  drawn  coincident  with  the  lines  of  the 
network,  for  the  width  of  the  strokes  of  the  letters — that  is, 
the  heavy  lines  that  form  the  letters — should  be  uniform 
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Fig.  67. 

throughout.  This  will  be  better  understood  from  the  draw- 
ing in  Fig.  67,  which  shows  the  grouping  of  letters  of 
Fig.  65  slanted  for  the  purpose  of  exemplification. 

97.  Another  popular  style  of  letter,  known  as  the 
French  Roman,  is  shown  in  Fig.  68,  and  from  the  instruc- 
tion already  given  the  student  will  be  enabled  to  reproduce 
or  enlarge  any  desired  combination  of  either  style. 
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APPLICATION  OF  PRINCIPLES. 

98,  The  proportions  given  in  the  illustrations  of  the 
five  orders  of  architecture  are  usually  maintained  by  mod- 
ern architects,  and  in  order  that  the  student  may  apply  the 
proportions  of  detail  in  his  daily  work,  it  may  be  well  to 
give  a  few  examples  of  their  application.  To  reproduce  a 
cornice  of  any  particular  style  of  architecture,  it  is  necessary 
to  know  only  the  extreme  height  of  the  proposed  building. 
The  length  of  a  module  is  then  ascertained  by  dividing  the 
height  into  as  many  parts  as  there  are  modules  in  the  best 
examples  of  the  order  it  is  desired  to  copy.  A  scale  of 
modules  and  parts  may  then  be  constructed  as  already 
described,  and  the  dimension  figures  given  in  the  illustra- 
tions of  the  several  orders  may  be  used  directly  for  the 
detail  drawing.  Of  course,  some  deviation  from  the  estab- 
lished proportions  may  be  made  at  the  discretion  of  the 
designer,  but,  in  general,  one  who  is  unskilled  in  the  art 
of  architecture  should  follow  very  closely  the  dimensions 
given. 

99,  It  will  be  remembered  that  in  Fig.  1  was  shown  a 
building  with  an  ill-proportioned  cornice.  It  will  be  of  in- 
terest to  the  student  to  show  how,  by  the  application  of  the 
foregoing  principles  of  architectural  proportion,  the  appear- 
ance of  this  building  could  have  been  greatly  improved. 
Suppose  it  had  been  desired  to  complete  this  building  with 
a  cornice  of  the  Roman  Ionic  order,  and  that  the  height  of 
the  building,  from  the  top  of  the  water-table  to  the  top  of 
the  fourth-story  windows,  is  50  feet.  Referring  to  Fig.  29, 
the  illustration  of  the  Roman  Ionic  order,  we  find  the 
dimensions  of  the  stylobate  and  column  to  be  24  modules. 
Therefore,  50  feet,  the  height  of  the  building,  is  the  height 
of  24  modules,  and  1  module  equals  5G  -h  24  =  2J,  or  2  feet 
4  inches.  A  scale  of  modules  and  parts,  in  which  the  module 
is  represented  2  feet  4  inches  long,  may  now  be  laid  off  as 
shown  in  Fig.  10.  One  of  the  modules  in  the  scale  thus 
made  may  conveniently  be  divided  into  30  equal  parts  for  the 
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smaller  units.  In  the  illustration  of  the  Roman  Ionic  order, 
Fig.'  29,  the  entire  height  of  the  entablature  is  given  as 
4  modules  and  15  parts,  or  10  feet  6  inches,  which  is  the  re- 
quired height  of  cornice  for  the  building.  The  detail  for 
the  construction  may  be  made  by  aid  of  the  illustration  in 
Fig.  29,  and  it  will  be  seen  that  the  building,  when  erected 
as  shown  in  Fig.  69,  presents  a  graceful  and  well-propor- 
tioned appearance.  In  this  cornice,  however,  modillions 
are  used  in  place  of  the  dentil  course  shown  in  Fig.  29. 


i 
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PlO.  69 

When  cornices  for  brick  structures  are  made  of  sheet 
metal,  they  not  uncommonly  begin  with  the  moldings  in  the 
upper  part  of  the  architrave,  and  the  several  wide  fascias,  or 
members  below  the  molding,  are  carried  out  in  the  building 
in  brickwork. 

100,  If  the  style  of  architecture  in  any  building  requires 
capitals  or  pilasters,  their  proportions  may  be  ascertained 
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by  a  process  similar  to  that  just  described.  Again,  if  the 
first  story  of  a  building — a  business  block  for  example — con- 
tains a  store,  and  it  is  desired  to  finish  the  exterior  of  the 
first  story  by  columns  and  a  lintel  cornice,  the  process 
differs  in  no  way  from  the  preceding.  Of  course,  the  entire 
height  of  the  first  story  only  is  considered  when  the  propor- 
tions are  laid  out.  The  same  is  true  also  of  proportions  of 
a  porch  supported  by  columns  finished  with  an  entablature. 
Interior  decorations,  such  as  ceiling  cornices,  window  ca- 
sings, door  trim,  etc.,  may  advantageously  be  proportioned 
in  the  manner  referred  to  in  the  preceding  illustrations. 


DRAWING   PLATE,  TITLE:   DESIGN  FOR 
SHEET-METAL  BAY  WINDOW. 

101.  A  further  practical  example  of  the  application  of 
architectural  proportion  to  a  trade  problem  is  furnished  in 
the  accompanying  drawing  plate  entitled  **  Design  for 
Sheet-Metal  Bay  Window."  The  student  is  required  to 
make,  in  accordance  with  the  following  suggestions,  a  draw- 
ing of  the  plate  on  paper  the  same  size  as  that  used  for 
the  plates  of  preceding  sections,  and  send  it  for  correction 
in  the  usual  manner. 

The  drawing  to  be  made  consists  of  the  details,  drawn  to 
f-inch  scale,  of  one  of  the  bay  windows  shown  perspectively 
in  Fig.  70.  An  enlarged  perspective  view,  where  details 
of  the  design  are  more  clearly  shown,  is  given  in  Fig.  71. 
The  view  (Fig.  70)  represents  the  brick  wall  in  the  second 
story  corbeled  out  into  a  series  of  piers;  the  space  be- 
tween the  piers  measures  10  feet  in  the  clear,  and  4s 
capped  by  a  segmental  arch  whose  radius  will  be  found  dur- 
ing the  construction  of  the  drawing.  Between  each  pier  is 
placed  a  bay  window  whose  projection,  on  the  sheathing 
line,  from  the  face  of  the  wall  is  2  feet.  The  dimensions  of 
the  wooden  construction  may  be  taken  by  scale  measure- 
ments from  the  reduced  plate.      By  aid  of  these  dimension-. 
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the  sectional  plan,  front  elevation,  and  sectional  side  view 
may  be  constructed.  The  cornice  moldings  may  be  con- 
structed like  the  Roman  Doric,  and  the  broken  pediment 
over  the  middle  window  of  the  bay  is  to  be  drawn  at  an 
angle  of  30°  to  the  horizontal.  The  curve  for  the  arch  is 
described  through  the  point  at  the  vertex  of  the  triangle  of 
the  pediment  produced,  and  points  on  the  piers  1  foot  8  inches 


Pig.  70. 

below  the  vertex  point.  The  profiles  for  the  return  molds 
in  the  upper  portion  of  the  broken  pediment  are  to  be 
obtained  in  the  manner  described  in  Art.  76,  and  the  finial 
in  the  pediment  may  be  drawn  by  freehand  methods  in 
accordance  with  the  drawings  on  the  reduced  plate.  A 
dentil  mold  with  dentils  is  to  be  represented  as  shown,  and 
the  ornament  in  the  frieze  of  the  cornice  may  be  reproduced 
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from  the  plate  in  about  the  same  proportions  as  there  shown. 
The  pilasters  between  the  window  openings  are  to  be  pan- 
eled as  represented.  Show  the  base  mold  of  the  window 
with  ornament  in  the  frieze  and  cap  mold  for  soffit,  as  on 
the  plate.  The  finish  of  these  moldings  against  the  brick- 
work and  of   the  main   cornice   may  be  ascertained    from 


Fig.  71. 

the  plan  and  projected  in  accordance  therewith  to  the  ele- 
vation. 

A  peculiar  formation  of  soffit  shown  in  the  projection 
drawings  consists  of  a  series  of  flat  cyma  rectas  mitered 
against  blocks  directly  under  the  window  pilasters.     The 
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face  of  each  block  is  made  up  of  cyma  rectas  somewhat 
larger  than  those  in  the  soffit  itself.  The  drawings  on  the 
reduced  plate  are  exactly  f  inch  to  the  foot,  and  the  plate 
made  by  the  student,  therefore,  will  be  twice  this  size. 
The  bricks  in  the  arch  and  in  the  piers  on  either  side  of  the 
bays  may  be  indicated  as  shown  by  lines  drawn  2 J  inches 
apart  in  accordance  with  the  f-inch  scale. 
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INTRODUCTION, 

!•  (xeneral  Principles, — The  development  of  patterns 
for  sheet-metal  moldings  is  accomplished  by  processes  sub- 
stantially the  same  as  those  with  which  the  student  is  already 
familiar.  It  is  a  fact,  however,  that,  although  no  principles  of 
construction  are  used  that  have  not  already  been  explained 
in  Practical  Projection  and  Development  of  Surfaces^  the  pat- 
tern draftsman  is  continually  encountering  new  situations 
that  demand  the  exercise  of  his  best  inventive  faculties.  It 
is  not  until  he  has  learned  to  apply  his  power  of  imagination 
to  the  particular  case  in  hand  and  can  succeed  in  picturing 
to  himself — in  his  **  mind's  eye,"  so  to  speak — a  model  of 
what  the  completed  object  will  be  like,  that  he  can  be  said  to 
have  mastered  satisfactorily  the  subject  of  patterncutting. 
Only  in  this  way  will  he  become  expert  in  the  representation 
of  objects — the  fundamental  principle  involved  in  the  de- 
velopment of  patterns. 

We  have  already  seen  that  the  operations  on  the  drawing 
board  are  purely  mechanical  and  that  their  principles  are 
readily  mastered.  The  drawing-board  operations  are,  for 
the  work  contemplated  in  this  section,  precisely  similar  to 
those  heretofore  explained,  and  the  student  that  has  com- 
pleted the  plates  thus  far  required  in  the  Course  has  ac- 
quired sufficient  practice  for  the  particular  field  we  are  now 
entering. 

§21 
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With  comparatively  few  exceptions,  the  patterns  of  the 
cornice  maker  are  developed  by  the  most  simple  of  the  three 
processes  described  in  Development  of  Surfaces^  viz.,  the 
parallel  method.  The  difficulties,  then — if  any  may  be  said 
to  be  encountered  in  the  delineation  of  cornice,  or  sheet- 
metal  molding,  patterns — lie  wholly  in  that  part  of  the  work 
devoted  to  the  representation  of  the  object  itself.  This  fact 
becomes  apparent  when  we  remember  that  parallel  develop- 
ments are  readily  produced  after  the  view  showing  the  par- 
allel lines  of  any  solid  in  their  true  lengths  has  been  drawn, 
provided  that  the  cutting  plane — or  the  miter  line,  as  we 
have  later  termed  that  plane  when  shown  on  edge — has  been 
correctly  represented  and  projected  to  the  view  in  which  the 
parallel  lines  of  the  solid  are  shown.  Such  patterns  as 
require  the  use  of  the  radial  method  of  development  are  of 
the  most  elementary  kind,  and,  as  will  be  shown  later,  offer 
no  difficulties  to  the  student  that  has  mastered  the  solutions 
of  the  preceding  sections. 

2.  Why  Stralgrht  Moldlnj^s  Are  Classed  as  Parallel 
Forms. — One  of  the  first  solids  to  which  the  student's  atten- 
tion was  directed  when  the  subject  of  parallel  forms  was 
discussed  was  the  regular  cylinder,  Fig.  1  {a).  The  parallel 
lines  of  this  solid  were  necessarily  assumed  lines,  for  the 
reason  that  the  evenly  curved  surface  of  the  solid  itself  pre- 
sented no  edges  from  which  projectors  might  be  drawn. 
An  edge  view  of  the  solid  was  therefore  necessary  in 
order  that  such  points  as  were  required  might  be  correctly 
located. 

When,  in  one  of  the  problems  in  a  preceding  section,  only 
a  portion  of  the  surface  of  the  cylinder  was  needed  for  the 
half-round  gutter  shown  in  Fig.  1  (^),  the  student  had  little 
difficulty  in  comprehending  that  the  conditions  just  men- 
tioned required  but  slight  modification,  since  only  one-half 
of  the  surface  of  the  cylinder  was  needed  for  the  pattern. 
If  a  portion  of  the  curved  surface  of  the  piece  of  straight 
gutter  shown  in  Fig.  1  {V)  is  bent  in  an  opposite  direction, 
a  form  like  that  shown  in  Fig.  1  (c)  will  result.     The  parallel 
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lines  of  the  curved  surface  would,  however,  be  represented 
in  two  views  precisely  like  those  needed  for  an  orthographic 
representation  of  the  cylinder — that  is,  in  a  right  plan  and  an 
elevation.  The  methods  used  to  develop  such  a  surface, 
therefore,  are  the  same  as  those  used  to  develop  the  surface 
of  a  cylinder.  Suppose,  now,  that  we  omit  the  beaded  edge 
from  the  piece  shown  in  Fig.  1  (c)  and  compare  the  remaining 


n^n 


(d) 


surface  with  the  ogee  portion,  or  cyma,  of  the  molding  in 
Fig.  1  (d).  We  shall  then  have  little  difficulty  in  under- 
standing that  the  same  processes  by  which  the  surface  of 
the  cylinder  was  developed  will  suffice  for  the  development, 
of  the  surface  of  the  molding.  It  will  be  seen,  also,  if  we 
add  other  surfaces  to  the  ogee  for  the  purpose  of  including 
other  members  in  the  pattern,  that  the  same  processes  of 
development  may  be  applied  to  all. 

3.  Relation  of  Views. — When  the  representation  of 
moldings  is  undertaken,  however,  an  important  matter  to  be 
taken  into  consideration  is  that  the  true  profile  of  the  molding 
must  be  represented  correctly  and  the  relative  amount  of 
projection  between  its  members  carefully  maintained  in  the 
several  views.  The  word  **  projection  "  is  here  used  in  a 
A    IL—SQ 
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sense  entirely  different  from  that  heretofore  given  in    this 
Course. 

The  **  projection  *'  of  a  molding  may  be  defined  as  the 
overhang,  or  protuberance,  beyond  a  certain  line  or  point 
from  which  measurements  are  made.  This  will  be  better 
understood  from  the  drawing  in  Fig.  2,  in  which  the  two 
views — that  is,  the  edge  view  and  the  view  in  which    the 


Fig.  2. 

parallel  lines  are  shown  in  their  true  lengths — are  repre- 
sented, respectively,  at  (a)  and  (d).  The  view  at  (a)  may 
be  considered  as  a  plan  and  the  view  at  (d)  as  either  a  front 
or  a  side  elevation  at  right  angles  to  the  plan. 

The  molding  in  Fig.  2  is  in  an  erect  position  with  refer- 
ence to  the  line  A  />,  which  we  will  call  the  wall  line,  since 
it  may  represent  the  face  of  the  wall  to  which  the  molding 
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is  to  be  attached.  The  dimension  x  is  called  the  projection 
of  the  molding.  If  x  were  8  inches,  we  might  say,  **The 
molding  projects  8  inches,"  or,  **The  molding  has  a  projec- 
tion of  8  inches. "  The  dimension  y  is,  of  course,  the  verti- 
cal height  of  the  molding,  for  in  the  right  view  at  (ti)  it 
measures  the  perpendicular  distance  between  the  outer 
parallel  lines  of  the  molding.  In  any  view  in  which  this 
molding  is  to  be  represented,  the  dimensions  jt  and  j  must 
be  taken  into  consideration  as  thoughtfully  as  if  an  actual 
solid  were  to  be  handled  by  a  workman.  In  fact,  the  student 
will  arrive  at  a  better  understanding  of  the  properties  of 
moldings  if,  in  this  elementary  explanation  of  the  subject, 
we  consider  the  object  represented  in  Fig.  2  as  a  solid  block 
of  wood  or  other  material  molded  on  its  face  in  accordance 
with  the  profile  view  at  {a).  As  shown  in  the  view  at  (^), 
therefore,  the  edges  of  the  solid  are  represented  on  the 
drawing  by  full  lines,  and  if  assumed  edge  lines  are  desired, 
they  must  first  be  located  in  the  usual  manner  as  points  on 
the  view  at  (a),  where  the  surfaces  of  the  molding  are  shown 
on  edge.  A  perspective  view  of  the  molded  wooden  block 
is  shown  at  {c)  to  give  the  student  a  better  understanding 
of  the  subject. 

The  student  will  understand  that  a  development  for  the 
surface  of  the  solid  represented  in  Fig.  2  would  be  obtained 
by  a  process  precisely  similar  to  that  used  in  the  case  of  the 
cylinder.  The  form  of  the  cylinder,  however,  is  such  that 
it  may  be  turned  on  its  axis  without  materially  affecting  its 
development,  while  a  change  of  position  of  the  compara- 
tively irregular  solid  represented  in  the  view  at  (tf).  Fig.  2, 
produces  material  alterations  in  the  corresponding  view 
at  (^).  Thus,  if  the  solid  in  Fig.  2  were  to  be  turned  one- 
quarter  way  around,  as  indicated  by  the  dotted  arrow  in  the 
illustration,  it  would  then  be  necessary  to  represent  its  posi- 
tion as  in  Fig.  3  {a) ;  and,  as  may  be  seen  on  the  right,  the 
view  at  {b)  would  be  entirely  different  from  that  shown  in 
Fig.  2,  although  the  same  solid  is  represented  in  both  illus- 
trations. While  such  changes  of  position  are  not  of  great 
importance  when  a  development   is   desired  for  pieces  of 
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molding  with  squarely  cut  ends,  they  become  important 
factors  when,  as  is  usually  the  case,  miter  patterns  are  to 
be  laid  out. 
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Fig.  8. 


4.  Distinction  Between  lletiirn  Miters  and  Face 
Miters. — For  the  purpose  of  making  plain  the  distinction 
between  what  is  known  as  arr///r;/  miter  and  Tiface  miter ^  it 


Fig.  4. 


may  be  assumed  that  a  number  of  pieces  of  wooden  molding 
strips  whose  profile  is  like  that  of  the  drawings  in  Fig.  2  {a) 
and  Fig.  3  {n)  are  cut  in  a  carpenter's  miter  box  to  equal 
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lengths  and  on  a  miter  line  at  an  angle  of  45°.  Four  pieces 
are  cut  from  a  strip  lying  in  the  position  shown  in  Fig.  4  (a), 
and  four  others  from  a  strip  in  the  position  shown  in 
Fig.  5  {a).  It  should  be  noted  that  in  order  to  secure  the 
right  **cut"  at  both  ends  of  the  four  pieces  of  molding,  an 
extra  sawing  must  be  made  down  through  the  other  slot  in 
the  miter  box.  This  extra  saw  cut  results  in  some  waste 
pieces,  marked  tv  in  the  illustration,  which  must  not  be  lost 
sight  of,  for  they  will  presently  be  used  to  demonstrate  an 
important  fact  in  miter  cutting. 


Pig.  6. 

Two  frames  are  now  made  from  the  longer  pieces  in 
Figs.  4  and  5.  These  frames  are  shown  in  the  respective 
illustrations  at  (d).  The  first  of  these,  Fig.  4  (^),  illustrates 
what  is  termed  a  face  miter,  such  as  is  to  be  seen  in  the 
miters  of  picture  frames.  The  cornice  maker  frequently 
employs  such  miters  in  panel  construction,  and  from  this 
circumstance  is  derived  the  t^rva  panel  miter,  which  is  often 
applied  by  trade  workers  to  face  miters  of  every  description. 
Miters  of  this  sort  are  also  required  at  the  extremities  of 
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inclined  moldings,  and  in  numerous  other  situations  to 
which  the  student's  attention  will  be  directed  later. 

The  second  frame  is  shown  completed  in  Fig.  5  {b)\  here 
the  profile  of  the  molding  is  in  the  position  occupied  by  the 
profile  of  a  belt  molding  or  of  a  cornice.  This  form  of  miter, 
as  already  explained,  is  known  as  a  return  miter,  and  is, 
perhaps,  the  one  most  frequently  used  in  constructions 
likely  to  be  encountered  by  the  student.  The  student  should 
carefully  note  the  fact  that  the  difference  in  appearance  of 
the  two  frames  shown  in  Figs.  4  and  5  is  due  solely  to  the 
different  positions  in  which  the  molding  is  held  in  the  miter 
box  while  receiving  the  saw  cuts. 

6.     Distinction  Between  Inside  and  Outside  Miters. — 

It  will  be  seen  that  the  waste  pieces  w  in  Figs.  4  and  5  may 
also  be  mitered  so  as  to  form  frames,  as  shown  at  (a)  and  (^), 
Fig.  f).  This  important  difference  is  to  be  noted,  however: 
the  positions  of  the  profiles  of  these  two  frames  are  reversed 
as  compared  with  the  frames  in  the  drawings  at  (^),  Figs.  4 
and  5.  In  other  words,  if  the  miters  in  the  frames  first 
made  are  considered  as  outside  miters,  these  may  be  referred 


Fig.  6. 

to  as  inside,  or  reentrant,  miters.  It  is  evident,  of  course, 
that  the  profile  of  the  molding  has  undergone  no  change 
during  the  process  of  sawing  in  the  miter  box.  It  is  true, 
moreover,  that  the  waste  pieces  w  were  obtained  by  the 
same  saw  cuts  used  to  obtain  the  longer  pieces  of  the  frame 
first  constructed.  It  will  be  seen  from  Fig.  6  that  the 
pieces  «^  fit  together  accurately  and  form  miters  at  precisely 
the  same  angles  as  those  previously  examined. 
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The  distinction  between  outside  miters  and  inside  miters 
may  be  illustrated  somewhat  more  forcibly  if  an  arrange- 
ment of  the  several 
pieces  is  made  in  ac- 
cordance with  the  sev- 
eral views  at  (a)  and  (b). 
Fig.  7.  The  pieces  in 
the  drawing  at  {a)  are 
taken  from  the  frames 
shown  in  Fig.  4  (d) 
and  Fig.  6  (a),  while 
those  in  the  view  at  (^), 
Fig.  7,  are  taken  from 
the  frames  shown  in 
Fig.  5  {6)  and  Fig.  6  (d). 
Fig.  8  (a)  and  (b)  shows 
the  pieces  used  for  the 
several  frames  again  re- 
placed in  their  original 
positions — that  is,  in  the 
positions  they  occupied 

before  the  molding  was  cut  in  the  miter  box.     In  Fig.  8, 
the  pieces  marked  1  are  those  used  for  the  frame  in  Fig.  4  (d) ; 


Fig.  8. 


those  marked  2  are  from  the  frame  in  Fig.  6  {a);  those 
marked  S  are  from  the  frame  at  Fig.  5  (^);  and  those 
marked  4.  are  from  Fig.  6  (d). 
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It  will  be  seen  from  Fig.  8  that  two  pieces  are  produced 
by  a  single  miter  cut — one  suitable  for  an  outside  and  the 
other  for  an  inside  miter.  This  has  been  proved  in  the  case 
of  a  square  miter,  but  it  is  important  to  know  that  it  is  also 
true  of  a  regular  miter  at  any  angle. 

6.  Development  of  Patterns. — In  accordance  with  in- 
structions previously  given  for  obtaining  parallel  develop- 
ments, let  a  plan  and  an 
elevation  of  certain  portions 
of  the  frame  shown  in  Fig.  4 
(b)  be  drawn.as  represented 
in  Fig.  9.  In  this  illustra- 
tion, the  plan  represents 
the  profile  view  of  the  mold- 
ing, while  the  true  lengths 
of  the  edge  lines,  together 
with  the  edge  view  of  the 
cutting  plane,  that  is,  the 
miter  line,  are  represented 
in  the  elevation.  The  stretchout  of  the  molding,  or  as 
much  of  its  surface  as  is  included  between  A  and  B,  Fig.  9, 
is  laid  out  in  accordance  with  the  positions  of  the  points  on 
the  profile  view.     The  method  of  completing  the  patterns 


Fig.  10. 


Pig.  n. 


by  drawing  developers  has  already  been  given  in  problems 
in  Development  of  Surfaces^  and,  therefore,  the  explanation 
need  not  be  repeated  here.  The  pattern  developed  will 
be  referred  to  later   for  the    purpose  of   explaining  more 
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Fig.  12. 


definitely  the  intimate  connection  between  inside  and  out- 
side miters.    - 

Now,  let  a  drawing  for  the  development  of  the  frame  in 
Fig.  6  {a)  be  constructed  in  the  same  manner  as  the  develop- 
ment of  the  frame 
in  Fig.  9.  The 
resulting  pattern, 
which  is  shown  in 
Fig.  10,  differs  ma- 
terially from  that 
shown  in  Fig.  9. 
On  placing  them 
side  by  side,  how- 
ever, as  in  Fig.  11, 
and  comparing  the 
two  patterns,  it 
will  be  seen  that 
adjacent  center 
lines  exactly  coincide;  had  the  draftsman  so  desired,  the 
patterns  for  both  frames  might  have  been  obtained  from 
the  same  operation.  In  other  words,  if  the  drawing  had 
been  constructed  as  shown  in  Fig.  12,  one  of  the  outlines 

could  have  been  used  for 
the  outside  miter,  and 
the  other — the  one  in- 
dicated by  light  cross- 
hatching  in  the  illustra- 
tion—  could  have  been 
used  for  the  inside  miter. 
A  knowledge  of  this  im- 
portant fact  is  of  mate- 
rial advantage  to  the 
draftsman,  who  is  there- 
by permitted  to  avoid 
an  additional  operation 
when  patterns  for  both  inside  and  outside  miters  are  re- 
quired in  any  particular  construction. 

It  is  apparent,  from  an  inspection  of  Fig.   13,  that  the 


Fig.  18. 
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same  is  true  of  the  profile  when  turned  in  a  different  direc- 
tion. A  development  is  here  given  for  two  frames  whose 
profiles  are  in  a  position  opposite  to  that  shown  in  Fig.  12. 
The  resulting  patterns  are,  of  course,  placed  side  by  side 
in  the  development,  and  the  student  should  have  no  diffi- 
culty in  understanding  that  the  principle  illustrated  in 
Fig.  11 — that  is,  that  the  same  miter  line  may  be  used  for 
the  development  of  both  inside  and  outside  miters — is 
applicable  to  moldings  in  any  required  position. 

H.  Finding:  the  Position  of  the  Miter  L.lne. — This  fea- 
ture of  the  drawing  has  been  sufficiently  explained  in  former 
problems,  and  is  referred  to  here  only  for  the  purpose  of 
reminding  the  student  that  the  regular  miter  lines  for  mold- 
ings intersecting  at  any  angle  are  found  by  bisecting  the 
given  angle  and  using  the  bisector  itself  as  the  miter  line. 
It  is  sometimes  convenient  to  represent  the  angle  on  the 
drawing  and  bisect  it  in  accordance  with  well-known  methods 
already  explained.  If  the  angles  are  expressed  in  degrees, 
it  may  be  more  convenient  to  use  the  protractor  and  set  off 
half  the  given  angle  on  the  drawing  board  in  the  required 
position.  Thus,  for  an  angle  of  90°,  or  a  right  angle,  we 
may  set  off  the  miter  line  at  an  angle  of  one-half  of  90°,  or 
45°,  with  the  parallel  lines  of  the  molding.  Again,  for  the 
sides  of  an  octagonal  finial,  which  we  know  are  at  an  angle 
of  135°,  we  may  at  once  set  off  an  angle  of  one-half  of  135°, 
or  G7^°,  with  the  outlines  of  the  molding,  always  remember- 
ing that  the  miter  line  must  appear  in  the  view  in  which  the 
parallel  lines  of  the  molding  are  shown  in  their  true  lengths. 

8.     Developments  Requiring  a  Change  of  Profile. — 

We  may  use  the  wooden  molding  strips  to  illustrate  another 
important  condition  that  pertains  to  certain  molding  devel- 
opments. This  condition  involves  changes  in  the  profile  of 
any  given  molding  when  it  is  required  to  produce  a  miter 
from  an  arbitrarily  drawn  miter  line.  Let  us  consider, 
briefly,  the  piece  of  molding  used  for  the  frame  shown  in 
Fig.  4  (^).  This  piece  of  molding,  as  we  have  already  seen, 
was  cut  across  its  ends  at  an  angle  of  45°  for  the  purpose  of 
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using  it  in  the  formation  of  a  right-angled  miter — that  is,  a 
miter  of  90°.  Its  miter  line  is  already  fixed  by  the  saw  cut, 
and  it  is  true  that  a  molding  of  no  other  profile  can  be  used 
to  form  with  this  piece  an  angle  of  90°.  The  piece  required 
for  the  other  side  of  the  angle  must  be  not  only  of  the  same 
profile  as  this  mold-  - 
ing,  but  must  have  its 
end  cut  at  a  similar 
angle,  although  re- 
versed, as  we  have 
already  seen. 

It  is  a  fact,  how- 
ever, that  an  indefi- 
nite number  of  other 
moldings  may  be  mi- 
tered  with  this  piece 
to  form  angles  other 
than  90°,  provided 
only  that  their  pro- 
files are  molded  in  ac- 
cordance with  certain 
established  rules  of 
projection.  Just  what 
is  meant  by  this  state- 
ment will  appear  if 
the  student  examines 
the  views  at  (^),  (^), 
and  {c).  Fig.  14.  Here 
a  piece  of  molding,  on 
one  end  of  which  a 
45°  miter  has  been 
cut,  is  shown  in  a  pro- 
jection drawing  as  the 
piece  X  in  each  of  the  three  views.  At  {a)  this  molding  is 
mitered  with  another  piece  to  form  an  angle  of  90°  in 
accordance  with  the  original  intention  when  the  molding  x 
was  cut.  The  dimension  ;//,  therefore,  must  correspond 
with  the  width  of  the  molding  ;r,  and  may  be  verified  with 


Fig.  14. 
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the  dividers  if  desired.  In  the  views  at  {b)  and  (r),  however, 
the  pieces  mitered  to  the  molding  x  are  at  angles  other 
than  90°,  and  as  a  result  of  this  change,  the  dimension  m 


o 


has  been  increased  in  (^),  while  in  (c)  the  dimension  m 
is  less  than  the  corresponding  dimension  in  the  view  at  {a). 
Since  at  (d)  the  outer  lines  of  the  molding  mitered  to  the 
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piece  X  are  farther  apart  and  those  at  (c)  are  closer  together 
than  the  outer  lines  of  the  mitered  pieces  at  (rt),  it  will  be 
seen  that  a  corresponding  change  has  taken  place  between 
the  other  lines  of  the  molding.  These  other  lines  may  be 
represented  on  the  surfaces  of  the  moldings  mitered  to  the 
piece  X  if  lines  are  drawn  parallel  to  the  respective  outlines 
from  the  intersections  on  the  miter  lines  of  the  edge  lines 
in  the  molding  x.  Now,  since  in  the  three  views  shown 
in  Fig.  14,  no  change  has  taken  place  in  the  thickness  of 
the  moldings,  the  student  will  readily  understand  that, 
by  the  application  of  methods  already  explained  for  pro- 
ducing sectional  views,  a  cross-section  of  tfie  mitered  mold- 
ing at  right  angles  to  its  outlines  may  be  produced  readily. 
Such  a  drawing  will  represent  an  edge  view  of  the  surfaces 
composing  the  mitered  molding,  and,  therefore,  a  stretchout 
for  the  pattern  may  at  once  be  developed.  The  application  of 
this  process  to  the  arrangement  of  moldings  in  Fig.  14  (b) 
is  fully  shown  in  Fig.  15,  and  if  the  student  carefully 
considers  the  accompanying  explanation,  he  will  have  no 
difficulty  in  understanding  each  necessary  step. 

The  elevation  and  profile  of  Fig.  14  (*)  are  reproduced 
to  a  somewhat  larger  scale  in  Fig.  15  {a)  and  (^),  while  the 
lengths  of  the  moldings  are  made  proportionately  shorter. 
By  this  process  the  work  appears  more  nearly  like  that  re- 
quired of  the  pattern  draftsman.  After  the  views  at  {a) 
and  {b)  have  been  drawn,  the  stretchout  for  the  upper 
molding  may  be  at  once  laid  off  at  M N^  and  the  pattern 
developed  in  the  usual  way — precisely  as  if  an  ordinary  face 
miter  were  needed.  Before  the  stretchout  M'  N'  can  be 
developed,  however,  it  is  necessary  to  produce  the  sectional 
view  shown  at  {c).  Accordingly,  the  edge  lines  from  the 
view  at  {b)  that  were  projected  to  the  miter  line  when 
obtaining  the  pattern,  must  be  drawn  across  the  surface 
of  the  mitered  molding  parallel  to  its  outlines,  as  shown 
in  Fig.  15.  These  edge  lines  may,  for  convenience,  be 
produced  some  distance  toward  the  lower  left-hand  portion 
of  the  drawing,  and  at  right  angles  thereto  the  perpen- 
dicular a' ;r  erected,  as  shown. 
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Now,  as  already  stated,  since  no  change  has  taken  place 
in  the  thickness  of  the  molding,  the  horizontal  distances 
shown  in  the  view  at  (b)  may  be  taken  in  the  dividers  and 
set  off  from  the  perpendicular  a'  x  on  corresponding  edge 
lines.  The  outline  of  the  changed  profile  may  now  be  traced 
through  the  points  thus  located,  as  shown  in  the  view  at  (r), 
and  from  this  view  the  stretchout  M'  N'  may  at  once  be 
developed. 

The  remaining  portion  of  the  development  needs  no 
further  explanation.  Care  should  be  exercised  when  de- 
veloping the  stretchout  M'  N\  for  it  will  be  seen  in  (r)  that 
the  relative  positions  of  all  points — excepting  only  those  that 
represent  distances  parallel  to  a  b  at  (6) — are  different  from 
those  in  the  original  profile.  Proof  of  this  last  statement 
may  be  had  by  comparing  the  distances  on  the  curved 
outline  of  the  ogee,  or  cyma;  in  the  view  at  (/^),  the 
points  are  fixed  by  spacing  the  outline  with  the  dividers, 
while  at  (c)  it  will  be  clearly  seen  that  the  different  spaces 
between  adjacent  points  on  the  corresponding  outline  are 
unequal. 

The  principles  just  explained  are  those  involved  in  pro- 
ducing patterns  for  situations  requiring  a  change  of  profile, 
or,  as  the  operation  is  usually  termed  in  shop  practice, 
**a  change  of  stay."  Several  practical  examples  are  given 
in  the  following  problems,  but  the  fundamental  principles 
are  the  same  in  all. 


PROBLEMS. 

9,  In  order  to  illustrate  the  application  of  the  rules  and 
processes  of  development  as  applied  to  moldings,  a  number 
of  practical  problems  are  now  introduced.  These  should  be 
reproduced  by  the  student  in  accordance  with  the  accom- 
panying text  and  on  the  same  general  plan  as  was  adopted 
\vi  Practical  Pattern  Problems.  Drawings  thus  made  need 
not  be  sent  for  correction  unless  insurmountable  difficulties 
are  encountered.    After  the  problems  have  been  worked  out, 
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the  Examination  Plate  is  to  be  drawn  and  sent  in  for 
correction  in  the  usual  way.  The  student  should  under- 
stand that  the  principles  here  given  apply  to  moldings  of 
any  contour  or  profile.  Indeed,  desirable  practice  will  be 
afforded  if  profiles  other  than  those  shown  in  the  differ- 
ent problems  are  substituted  by  the  student  in  his  work  on 
this  section. 

Beyond  illustrating  the  usual  short  method  for  obtaining 
square  face  and  return  miters,  no  attention  will  be  paid  in 
these  problems  to  the  comparatively  elementary  processes 
illustrated  in  Figs.  9  to  15,  for  such  simple  situations  should 
present  no  difficulties  to  the  student  that  has  mastered  the 
preceding  explanations. 


PROBLEM  1. 

10.     To   develop   tlie   patterns   for  a  square  miter. 

(Short  method.) 

Explanation. — In  this  problem  two  miters  will  be  de- 
veloped: one,  a  square  return  miter;  the  other,  a  square 
face  miter.  The  student  should  carefully 
observe  the  different  positions  of  the  given 
profiles  in  each  of  these  drawings,  for  it  is 
apparent  that  this  difference  of  position 
is  alone  responsible  for  the  different  re- 
sults in  the  patterns.  Note  also  that  the 
miter  line  is  dispensed  with,  as  in  the 
case  of  the  square-elbow  pattern  in  a 
former  problem.  This  construction  can 
be  used  only  when  the  desired  miter  is 
one  of  90° — that  is,  a  square  miter.  The 
profile  of  the  molding  used  for  this  development  may  be 
drawn  by  the  student  to  the  sizes  indicated  by  the  dimen- 
sion figures  in  Fig.  16;  any  other  profile  may  be  used,  how- 
ever, if  desired.  The  drawings  should  be  made  full  size 
and  the  developments  finished  in  accordance  with  the 
instructions  that  follow. 


Fig.  16. 
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Construction. — The  square  return  miter  will  first  be  con- 
sidered.    The  profile  is  drawn  in  the  position  shown  at  (a). 
Fig.  17,  in  which  A  B   represents  the 
wall   line,  which  should  he  produced 
indefinitely  either  above  or  below  the 
drawing  of  the  profile.     In  Fig.  17  it 
has  been  conveniently  produced  below 
the  profile.     The  stretchout  for    the 
molding  may  conveniently  be  laid  off, 
or  developed,  on  this  line,  immediately 
below    the  view  at  (<?),  in  the  manner 
regularly  applied  to  parallel  develop- 
ments.    Points  on  the  outline  of  the 
profile  are   indicated   in    Fig.    17   by 
lower-case  letters,  and  corresponding 
points  on  the  stretchout  are  denoted 
by  similar   letters  and  prime  marks. 
Note  that  each  of  the  curved  outlines 
may  be  spaced  with  the  dividers  into 
any  convenient  number  of  equal  parts 
— four  divisions  being  represented  on 
the  cyma  and  two  on  the  cove  in  this 
case.     The  practice  of  the  workshop 
requires  that  a  sufficient  number  of  points  should  be  located 
on  the  curved  outlines  of  the  profiles  to  enable  the  draftsman 
to  trace  the  curve  of  the  pattern  with  reasonable  accuracy. 
It  is  not  essential  that  points  thus  located  for  assumed  edges 
should  be  at  equal  distances  from   one  another;  it  will  be 
seen,  however,  that   if   the   spaces  are  equal  they  may  be 
stepped  off  more  rapidly  with  the  dividers  without  stopping 
to  compare  each  particular  distance  with  that  on  the  profile. 
After  the  stretchout  has  been  developed,  edge  and  interedge 
lines  are  drawn   at  right  angles  thereto,   as  shown  at  (^), 
Fig.    17,    and  the  pattern  is  then  completed   by  drawing 
developers  directly  from  the  profile  view  at  {a)  to  the  cor- 
responding edge  lines  in  {b).     The   outline  of  the  pattern  is 
next  traced  through  the  points  thus  located, and  the  edge  lines 
along  which  bends  are  to  be  made  are  designated  by  circular 
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indicators  in  the  customary  way.  Laps  should  be  provided 
along  all  the  straight  outlines  of  the  miter  pattern,  as  rep- 
resented in  Fig.  17.  These  laps  may  be  wide  enough  to 
admit  of  the  miter  being  riveted  if  desired.  It  is  customary, 
also,  to  provide  an  allowance  for  laps  along  the  irregular 
outlines.  Such  laps  are  notched  in  the  manner  represented 
in  Fig.  17  in  order  that  the  labor  of  bending  such  edges  may 
be  reduced.  If  the  lengths  of  the  required  moldings  are 
known,  a  sufficient  amount  of  stock  may  be  added  to  the 
right  of  the  miter  outline,  after  the  pattern  has  been  trans- 
ferred to  the  metal  by  one  of  the  methods  described  in 
Practical  Pattern  Problems. 

The  development  of  the  pattern  for  the  face  miter  is 
shown  in  {a)  and  (*),  Fig.  18,  and,  as  may  be  seen  from  the 
drawing,  is  similar  to  that  described 
for  the  return  miter.  The  princi- 
pal point  of  difference  is  in  the 
position  of  the  profile  view  at  (a). 
The  length  of  the  stretchout,  of 
course,  is  the  same,  since  no  change 
has  been  made  in  the  molding,  but 
it  is  seen  that  the  outline  of  the  pat- 
tern is  materially  different. 

The  student  should  compare  the 
patterns  in  the  two  illustrations  of 
this  problem  very  carefully,  and  in 
so  doing  note  that  in  each  case 
where  an  outline  is  parallel  to  the 
stretchout  in  one  pattern,  the  cor- 
responding line  in  the  other  pattern 
is  at  an  angle  of  45**  with  the  stretch- 
out. This  fact  affords  a  ready  means  of  recognizing  and 
distinguishing  patterns  for  face  miters  from  those  of  return 
miters  in  any  given  profile.  It  is  to  be  noted  that  those 
members  of  a  profile  that  lie  in  a  plane  parallel  to  that  of  a 
wall  or  other  surface  against  which  the  molding  is  erected 
are  defined  in  the  pattern  by  lines  parallel  to  the  stretchout. 
By  comparison,  then,  with  a  stay,  or  profile,  it  is  possible  to 
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determine  whether  any  given  pattern  already  developed 
may  be  used  for  a  face  miter  or  for  a  return  miter.  The 
student  that  has  access  to  the  pattern  room  of  a  cornice 
establishment  will  gain  desirable  practice  by  making  com- 
parisons at  every  opportunity  until  he  is  thoroughly  familiar 
with  the  different  pattern  outlines  and  can  tell  at  a  glance 
whether  any  given  pattern  is  for  a  face  or  for  a  return  miter. 
In  a  similar  manner,  it  is  possible  for  the  student  to  recog- 
nize the  difference  between  inside  and  outside  miters,  and 
he  should  not  be  content  until  he  has  acquired  a  ready 
facility  in  making  such  distinctions. 


PROBL.KM  ft. 

11.  To  develop  the  patterns  for  a  reg^ar  octagon 
miter. 

Explanation. — This  form  of  miter  frequently  occurs  in 
cornices  passing  around  octagon  towers,  roofs,  or  other  por- 
tions of  buildings  in  which  the  octagon  angle  forms  part 
of  the  plan.  It  may  be  here  remarked  that  frequently  the 
angles  of  a  bay  window  are  not  exactly  octagonal  angles.  The 
angles  of  an  octagon  are  always  angles  of  135°,  and  since 
the  miter  plane  bisects  the  entire  angle,  the  miter  line  may 
be  formed  by  laying  off  with  the  protractor  an  angle 
of  67^°.  The  surest  way,  however,  in  order  to  avoid  error 
in  case  the  angle  should  not  be  one  of  135°,  is  to  bisect  the 
given  angle. 

The  octagon  mit.er  is  frequently  encountered  in  the  con- 
struction of  vases,  finials,  and  other  forms  having  eight 
equal  sides,  the  plans  of  which  are  regular  octagons.  The 
method  given  in  this  problem  for  obtaining  miter  patterns 
is  applicable  for  miters  at  any  angle. 

As  in  the  preceding  problem,  an  octagonal  miter  may  be 
either  a  return  miter  or  a  face  miter.  Whether  the  miter 
be  an  inside  or  an  outside  return  miter,  the  miter  line  will 
be  found  on  the  plan,  while  in  the  case  of  a  face  miter  the 
line  will  appear  in  an  elevation. 
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Construction. — As  already  stated,  the  octagonal  return 
miter  must  be  developed  from  a  plan  of  the  molding.  The 
octagonal  angle  of  135®  can  be  drawn  by  the  aid  of  a  45°  tri- 
angle, as  shown  at  CA  B  in  Fig.  19.  From  A  B  and  A  C, 
which  represent  the  walls,  or  faces,  of   any  structure,  the 


PlO.  19. 

projection  of  the  mold  is  set  off  at  right  angles  to  each  and 
the  outer  edge  lines  drawn  parallel  to  A  B  and  A  C;  the 
miter  line  A  D  is  drawn  from  the  intersection  of  these  lines 

SLtD, 

Since  the  wall  is  here  shown  in  horizontal  section,  the 
profile  of  the  mold  should  be  in  the  position  shown  at  {a) — 
that  is,  with  its  vertical  side  against  the  wall  line  A  B  ex- 
tended.    The  curved  members  of  the  profile  may  now  be 
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divided  into  any  convenient  number  of  equal  spaces  and  the 
entire  stretchout  set  off  on  any  line,  as  M N^  drawn  at  right 
angles  to  the  lines  of  the  plan.  Edge  lines  must  now  be 
projected  from  all  points  of  the  profile  to  the  miter  line  A  D 
and  developers  carried  from  the  intersections  on  the  miter 
line  to  edge  lines  in  the  development.  The  outline  of  the 
pattern  may  now  be  traced  through  the  points  of  intersection 
in  the  development,  thus  completing  the  pattern  in  Fig.  19. 


Fio.  ao. 
The  development  of  an  octagonal  face  miter  is  shown  in 
Fig.  20.  Here  it  will  be  seen  that  the  profile  {a)  of  the 
horizontal  mold  is  placed  in  a  vertical  position  and  that  the 
patterns  are  developed  from  the  elevation.  The  process  is 
the  same  as  that  already  explained. 


PROBLEM  3. 

18,     To  develop  the  pattern  for  a  butt  miter. 

Explanation. — It  frequently  becomes  necessary  to  termi- 
nate a  molding  against  an  oblique  surface,  such  as  a  roof  or 
wall  whose  position  is  at  other  than  right  angles  to  the  lines 
of  the  molding.     When  this  condition  is  encountered,  what 
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is  known  as  a  butt  miter  is  formed.  The  views  from  which 
the  patterns  can  be  developed  must  be:  first,  one  that  shows 
the  correct  edge  lines  of  the  molding,  together  with  an 
edge  view  of  the  cutting  plane;  second,  one  that  shows  the 
profile  of  the  molding  in  the  correct  relative  position. 

The  conditions  of  each  construction  encountered  by  the 
student  must  be  carefully  studied.  In  some  cases  the  edge 
lines  of  the  molding,  together  with  the  cutting  plane,  are 
taken  from  the  elevation,  as  in  the  case  of  a  horizontal 
molding  that  finishes  against  a  roof  or  of  a  gable  molding 
that  butts  against  a  vertical  wall.  In  certain  other  cases 
the  edge  lines  of  the  molding  and  the  cutting  plane  are  to 
be  found  in  the  plan,  as  when  the  cornices  of  a  bay  window 
finish  at  an  oblique  angle  against  a  vertical  wall.  In  each 
of  these  cases  it  is  important  that  the  profile  of  the  molding 
should  be  in  its  correct  position  as  related  to  the  view  in 
which  the  edge  lines  are  shown  in  their  true  length. 

It  sometimes  happens  that  the  cutting  plane  is  oblique 
both  to  the  plan  and  to  the  elevation.  When  this  is  the  case, 
it  is  necessary  to  pro- 
ject a  view  in  which 
the  cutting  plane 
will  be  shown  on 
edge.  This  is  a  par- 
ticular case,  how- 
ever, and  involves  a 
special  construction, 
the  projection  meth- 
ods of  which  are  defi- 
nitely explained  in 
Problem  16. 

Construction. — 
Fig.  21  shows  the 
elevation  and  profile 
of  a  molding  that 
finishes  with  a  butt 
miter  against  the  oblique  surface  A  B.  In  this  view,  the 
edge  lines  of  the  molding  and  the  cutting  plane  are  shown 
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in  the  elevation.  The  profile  at  (a)  is  placed  in  correct 
position,  and  from  its  several  edges  and  interedges  projec- 
tdrs  are  drawn  to  the  cutting  planed  B^  as  shown  in  Fig.  21. 
A  stretchout  of  the  profile  is  now  laid  off  at  A/iV  at  right 
angles  to  the  edge  lines  of  the  elevation.  Edge  and  inter- 
edge  lines  are  next  drawn  in  the  usual  way  through  the 
points  laid  oft  on  the  stretchout  AfiV,  and  developers  are 
then  carried  from  the  intersections  on  the  line  A  B,  The 
outline  of  the  pattern  may.  now  be  defined  as  shown  in 
Fig.  21. 

Fig.  22  shows  a  butt  miter  against  a  surface  oblique  in 
plan.     In  this  view,   BC  represents  the  face  of  the  wall 

against  which  the 
molding  is  placed, 
and  AB  represents 
the  oblique  surface 
against  which  the 
butt  miter  is  made. 
Note  particularly 
the  position  of  the 
profile  at  (/z),  and 
compare  the  view 
here  shown  with 
that  given  in  Fig.  21. 
It  will  be  seen  from 
Fig.  22  that  the 
process  of  develop- 
ment, after  the  rela- 
tive position  of  the  views  has  been  represented,  differs  but 
little  from  that  already  explained.  No  further  description 
of  the  process,  therefore,  is  necessary. 


PROBLEM  4. 

13.     To  develop  tlie  pattern  for  a  miter  a^rs^lnst  tbe 
roof  of  a  curved,  pediment. 

Explanation. — This  problem,  which   is  really  a  special 
case  of  Problem  3,  is  frequently  encountered  when  a  cornice 
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containing  a  pediment  has  a  balustrade,  or  pediment  course, 
that  terminates  against  the  oblique  roof  of  the  pediment 
in  the  manner  shown  in  Fig.  23.     In  this  case  the  pediment 


PlO.88. 


consists  of  curved  moldings,  but  it  will  be  seen  from  the 
construction  that  the  process  of  development  is  the  same  as 
when  the  pediment  molds  are  straight. 

Construction. — Detail  drawings  that  represent  the  con- 
ditions shown  in  Fig.  23  must  be  constructed  with  extreme 
care.  A  slight  change  in  position  of  the  center  from  which 
the  circular  molding  is  described  will  alter  materially  the 
appearance  of  the  miter.  It  is  therefore  necessary  to  study 
the  conditions  very  carefully,  and  to  exercise  unusual  care 
in  laying  out  the  main  lines  of  the  drawing. 

The  correct  position  and  the  entire  development  is  shown 
in  Fig.  24.  Projectors  are  first  drawn  from  all  points  of 
the  profile  at  (a)  to  the  miter  line — that  is,  to  the  outline  of 
the  pediment  molding.     The  stretchout  MN  is  next  laid 
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off  in  its  correct  position,  edge  and  interedge  lines  are 
drawn  perpendicular  thereto,  and  the  drawing  is  completed 
by  developers  drawn  from  the  points  of  intersection  on  the 
miter  line  to  the  respective  edge  lines  on  the  stretchout. 
The  outline  of  the  pattern,  so  far  as  the  curved  portions  of 
the  profile  are  concerned,  may  now  be  defined  by  lines 
traced  through  the  corresponding  points  of  intersection  in 
the  development.     The  horizontal  members  of  the  profile 


are  defined  in  the  pattern  by  straight  lines,  while  the  verti- 
cal members  of  the  profile,  as  from  C  to  D  and  from  E  to  F^ 
must  be  defined  by  a  curve  of  the  same  radius  as  that  of 
the  miter  line.  This  radius,  however,  is  usually  too  long 
to  be  used  conveniently,  in  which  case  the  pattern  drafts- 
man overcomes  the  obstacle  by  tracing  from  the  elevation 
a  sufficient  portion  of  the  required  curve.  He  then  trans- 
fers the  curve  to  the  pattern  by  a  similar  process,  or  per- 
haps cuts  a  small  templet  to  the  curve,  and  with  this  device 
draws  the  line  between  the  required  points  in  the  same 
manner  as  with  a  rule. 
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In  case  the  curve  of  the  pediment  against  which  the  mold- 
ing miters  should  happen  to  be  other  than  the  arc  of  a  circle, 
it  is  apparent  that  the  miter  cuts  for  those  portions  of  the 
pattern  that  correspond  to  the  vertical  members  of  the  pro- 
file must  be  exact  duplicates  of  the  respective  portions  of 
the  elevation  from  which  they  are  derived.  To  avoid  tra- 
cing or  otherwise  duplicating  any  particularly  difficult  curve 
that  a  given  design  might  contain,  the  stretchout,  beginning 
at  the  point  x  of  the  profile,  may  conveniently  be  laid  off  in 
the  manner  shown  at  M'  N'  in  Fig.  24,  in  which  case  the 
stretchout,  of  course,  would  extend  upwards  from  a  corre- 
sponding point  x'  of  the  elevation.  Some  care  is  necessary, 
however,  when  a  development  is  thus  laid  over  a  portion  of 
the  projection  drawing, 
in  order  that  no  confu- 
sion may  result  between 
the  different  lines. 


PROBLEM  6. 

14,  To  develop  the 
XMittems  for  a  miter 
betvreen  luoldlngrs  of 
different  profiles. 

Explanation. — It  is 
sometimes  necessary, 
especially  in  repair 
work,  to  bring  mold- 
ings of  entirely  differ- 
ent profiles  together  in 
a  miter.  When  this  sit- 
uation is  encountered, 
the  draftsman  should 
endeavor  to  design  at 
least  one  of  the  profiles  so  that  the  different  moldings  will 
have  some  members  in  common.  Figs.  25  and  26  illustrate 
two  profiles  between  which  a  square  miter  is  to  be  made,  and 
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it  will  be  seen  from  the  illustrations  that  certain  members 
of  each  profile  are  in  the  same  horizontal  plane.  In  this 
problem,  the  miter  to  be  made,  as  shown  in  the  illustra- 
tions, is  one  between  horizontal  moldings,  and  corre- 
sponds, to  a  certain  degree,  with  what  has  heretofore  been 
termed  a  return  miter.     Two  elevations  of  different  profiles 

must    be    drawn.     In 


Fig.  25,  the  arm  {d) 
is  in  profile  and  the 
arm  (a)  is  shown  with 
its  edge  lines  in  their 
true  lengths;  that  is, 
the  edge  lines  in  (a) 
butt  against  the  pro- 
file (d).  It  is  necessary, 
in  this  figure,  to  show 
the  profile  of  the  mold 
(a)  to  the  right,  where 
it  is  correctly  placed 
with  respect  to  the 
arm  (b).  In  Fig.  26 
is  shown  a  side  view 
of  this  miter;  the 
molding  {a)  is  in  pro- 
file and  the  molding  (d) 
appears  with  its  edge 
lines  in  their  true 
lengths  and  butting 
against  (a). 

Construction. — The  views  having  been  drawn  in  the 
positions  shown  in  Figs.  25  and  20,  each  molding  whose 
edge  lines  are  shown  in  their  true  lengths  is  to  be  treated  in 
turn  in  the  same  manner  as  the  edge  lines  of  the  butt  miters 
in  the  two  preceding  problems. 

In  Fig.  25,  the  curved  portions  of  the  profile  (a)  are  first 
divided  into  any  convenient  number  of  equal  spaces.  Pro- 
jectors representing  the  edge  and  interedge  lines  are  next 
to  be  drawn  to  the  view  at  {d).    The  stretchout  AIN  is  then 
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developed  in  the  usual  manner,  and  the  development  is  com- 
pleted by  developers  drawn  from  the  elevation  to  the  pat- 
tern. The  wide  fascia  member  of  (^),  however,  as  will  be 
seen  from  Fig.  25,  intersects  a  curved  portion  of  the  mold- 
ing (^),  and  must  be  cut  to  a  corresponding  outline. 

In  Fig.  26,  where  the  profile  {d)  miters  against  the  mold- 
ing {a),  the  same  course  is  pursued.  If,  however,  after 
having  divided  the  cyma  of  {d)  into  equal  spaces,  it  should 
be  found  that  none  of  the  edge  lines  should  exactly  meet 
points  X  and  ^  of  profile  (^),  projectors  from  x  and  y  must 
be  carried  back  to  profile  (6),  Such  projectors,  of  course, 
define  points  on  profile  (d)  that  must  be  located  on  the 
stretchout  MN  in  a  corresponding  position.  Edge  lines  on 
the  patterns  must  then  be  drawn  through  these  points  and 
intersected  in  the  pattern  by  developers  drawn  from  ;r  and  j 
of  profile  (a). 

When  a  profile  of  this  description  is  encountered,  it  is 
sometimes  advisable  to  finish  one  of  the  moldings  with  a 
square  end  and  to  cut  a  miter  on  the  other  molding  only. 
When  the  molding  is  erected,  the  arm  on  which  the  miter 
is  cut  is  fitted  over  the  other  molding  in  the  same  manner 
that  a  carpenter  would  make  a  coped  joint. 


PROBLEM  6. 

16,  To  develop  the  patterns  for  a  boss,  or  drop,  on 
the  fiEtce  of  a  bracket. 

Explanation. — The  faces  of  brackets,  or  modillions,  are 
frequently  ornamented  with  mitered  drops,  or  bosses,  some 
examples  of  which  are  shown  in  Figs.  27,  28,  and  29.  The 
bracket,  or  modillion,  face  is  usually  molded  to  a  particular 
profile,  and  the  sides  of  the  drop,  as  seen  in  the  illustrations, 
are  mitered  against  the  bracket  face.  The  outline  of  the 
drop  is  sometimes  made  to  correspond  with  the  profile  of 
the  bracket  face  to  which  it  miters,  as  in  Fig.  27.  Occa- 
sionally, however,  the  outline  of  the  drop  is  drawn  to  a 
different  shape,  as  in  Figs.  28  and  29. 
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Construction. — When  the  outline  of  the  drop  is  the  same 
as  that  of  the  bracket  profile,  the  pattern  is  that  of  a  simple 
square  inside  miter,  and  is  developed  in  accordance  with  the 
construction  given  in  Problem  1.  It  is  customary  to  con- 
struct the  bracket  face  in  accordance  with  the  profile  given 
in  the  side  view.  That  part  of  the  face  from  B  to  C  which 
receives  the  ornamentation  is  then  cut  to  the  outline  given 
in  the  front  view,  after  which  the  sides  of  the  drop  are  cut 


in  one  piece  from  D  to  E  with  such 
laps  as  may  be  required.  Since  both 
profiles  are  alike,  the  miter,  as  already 
stated,  is  a  common  square  miter;  the 
stretchout  must,  however,  be  taken 
from  Z^  to  -f  on  the  face  view,  as 
shown  in  the  development  in  Fig.  27. 

In  Figs.  28  and  29,  the   conditions 
are  nearly  the  same  as  those  described 
in   Problem  5,  and  it  should   not  be 
difficult  for  the  student,  without  further  description,  to  lay 
out  the  developments  here  shown. 

The  principles  of  the  problem  are  applied  in  a  similar 
manner  when  it  is  required  to  fit  a  round  boss  over  the  in- 
tersection of  two  moldings,  as  in  Fig.  30.  Situations  of  this 
sort  are  to  be  found  at  the  corners  of  panels  in  ceilings  where 
a  boss  of  this  nature  forms  a  base  on  which  stamped  orna- 
ments are  fastened.  An  inspection  of  the  drawing  shows 
that  the  profile  of  the  boss  corresponds  to  the  outline  of  the 
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cylinder,  the  curved  surface  of  which  is  to  be  mitered  against 

J 


the  four  arms  of  the  molding.  The 
profile  of  the  molding  is  shown  in  the 
side  view  in  Fig.  30.  The  stretchout 
for  the  boss  may  be  laid  off  from  one- 
quarter  of  the  circumference,  as  from 
A  to  -ff,  and  is  set  off  at  right  angles 
to  the  edge  lines  of  the  cylinder 
in  the  usual  way.  The  profile  A  B 
isf  divided  into  spaces  conveniently 
chosen   with   reference   to   the   members  of   the    molding. 


Fig.  ». 


This  is  indicated  in  Fig.  30  by  the  numbered  points  on  the 


Digitized  by  VjOOQIC 


32 


DEVELOPMENT  OF  MOLDINGS. 


§21 


profile,  which,  as  will  be  seen,  are  placed  on  the  edges  of 
the  molding,  while  in  the  spaces  between  them  interedge 
lines  should  be   located    in   the  usual  manner.     The  final 


Fig  ao. 


operations  by  which  the  pattern  is  developed  are  practically 
the  same  as  in  preceding  problems,  and  need  not  be  further 
described. 


PROBLEM  7. 

16.  To  develop  the  patterns  for  a  miter  betvreen  a 
stralgrlit  and  a  curved  molding. 

Explanation. — In  many  cornice  designs,  a  miter  is  re- 
quired between  straight  and  circular  moldings  having  simi- 
lar profiles.     Examples  of  this  are  to  be  seen  in  circular 
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segmental  pediments  and  in  panel  moldings  that  finish  with 
certain  curves.  Reference  to  Figs.  31  and  32  will  show  that 
the  miter  line  between  such  moldings  is  not  a  straight  line, 
but  must  be  developed,  member  by  member,  until  the  entire 
mold  is  represented  on  the  drawing.  The  amount  of  curva- 
ture in  the  miter  line  varies  with  the  obliquity  of  the  angle 
of  the  miter.  In  cases  where  the  angle  is  very  obtuse,  the 
miter  line  is  so  nearly  a  straight  line  that  for  all  practical 


Fio.  81. 

purposes  a  straight  line  will  be  sufficiently  accurate.  As 
the  angle  becomes  more  acute,  however,  and  also  as  the 
width  of  the  mold  increases,  the  curve  of  the  miter  line  be 
comes  greater.  The  position  of  the  miter  line  is  determined 
by  the  same  points  used  to  develop  the  pattern,  and  both 
operations,  therefore,  may  be  carried  along  together  by  the 
draftsman. 

Construction. — Fig.  31  shows  a  miter  in  a  panel  mold 
whose  curved  end  is  drawn  to  a  specified  radius.  The  pro- 
file of  the  panel  mold  is  shown  in  its  correct  position  at  {a). 
The  curved  portion  of  the  profile  at  (a)  is  first  divided 
into    any    convenient    number    of    equal    spaces,  and    the 
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stretchout  M N  is  next  developed  in  the  usual  manner,  as 
shown  in  Fig.  31.  Projectors  are  then  drawn  to  represent 
the  several  edges  and  interedges  of  the  profile  at  {a)  and  are 
extended  indefinitely  toward  B,  Now,  on  any  line,  as  c  d^ 
drawn  at  right  angles  across  the  projectors,  the  spaces  be- 
tween the  projectors  may  be  measured  and  transferred  to 
any  radial  line,  as  C D^  crossing  the  curved  mold.  The  points 
thus  obtained  on  CD  may  be  numbered  to  correspond  with 
those  on  the  profile  of  Fig.  31  (oi).  Next,  circular  projectors 
should  be  described  from  Z?  as  a  center  through  the  numbered 


Fig.  83. 


points  on  CD  and  extended  until  they  intersect  the  project- 
ors from  correspondingly  numbered  points  of  the  view 
at  (a).  A  line  traced  through  the  points  of  intersection 
from  A  to  B  will  then  give  the  required  miter  line.  It  is 
not  absolutely  necessary,  so  far  as  the  pattern  is  concerned, 
that  the  miter  line  should  appear  on  the  drawing,  since  the 
developers  required  for  the  pattern  must  be  drawn  only 
from  the  points  of  intersection  on  the  elevation. 

The  difference  between  the  correct  line  thus  determined 
and  what  would  be  the  miter  line  if  both  arms  of  the  miter 
were  straight  may  be  seen  by  drawing  a  straight  line  from 
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A  to  B.     When  the  pattern  is  cut  out,  the  flat  surfaces,  as 
from  £  to  B,  may,  of  course,  be  cut  straight. 

Fig.  32  shows  a  design  for  a  semicircular  pediment  to 
which  the  principles  just  described  may  also  be  applied. 
The  student  should  be  able  to  develop  the  miter  line  A  B 
and  the  pattern  for  the  horizontal  mold  X^  with  its  face 
miter  at  the  right  and  its  square  return  miter  at  the  left, 
without  difficulty. 


PROBLEM  8. 

17.     To  develop  the  patterns  for  a  curved  molding^. 

Explanation. — The  patterns  for  curved  moldings  are 
developed  by  the  radial  process  described  in  Development  of 
Surfaces.  Certain  problems  of  this  nature  have  already 
been  given  in  Practical  Pattern  Problems^  and  the  methods 
used  to  obtain  the  patterns  for  curved  moldings  differ  but 
little  from  those  already  given.  The  blanks,  or  patterns, 
for  curved  moldings  are  invariably  obtained  from  frustums 
of  cones,  although  the  heights  of  the  frustums  are  usually 
less  than  those  encountered  in  Practical  Pattern  Problems. 
The  patterns,  therefore,  for  curved  moldings  are  considered 
merely  as  strips  having  the  general  flare  of  the  mold.  These 
strips  are  laid  out  with  reference  to  the  general  contour  of 
the  profile,  and  are  brought  up  to  the  required  shape  by  the 
** raising"  process. 

This  problem  consists  not  only  in  finding  the  proper 
radius  by  which  the  flaring  strip  shall  be  described,  but  also 
in  determining  such  a  bevel,  or  angle 
of  flare,  as  will  most  nearly  approach 
all  points  of  the  required  profile.  The 
method  usually  adopted  by  cornice  cut- 
ters for  determining  the  flare  is  to  draw 
on  the  profile  a  line  through  the  ex- 
treme points  of  that  portion  to  be 
raised  in  one  piece.  In  such  a  profile 
as  that  shown  in  Fig.  33,  where  the 
portion  from  B  to  C  is  required  in  the 

A.   u.—m 


Fig.  33. 
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pattern,  the  oblique  line  may  be  drawn  as  shown  by  B  C. 
Should  it  be  desirable  to  include  the  upper  fillet  in  the  pat- 
tern, the  oblique  line,  of  course,  should  be.  drawn  through 
A  and  C,  as  shown  in  the  illustration. 

Construction. — Fig.  34  shows  a  half-elevation  of  a  de- 
sign that  requires  a  curved  molding,  the  profile  being  shown 
at  (a)y  while  the  center  from  which  the  elevation  of  the  arch 
is  described  is  shown  at  o.  The  angle  of  the  flaring  strip  is 
first  determined  in  the  manner  already  explained,  and  the 
oblique  line  drawn  through  the  profile  is  produced  until  it 
meets  at  f  a  line  drawn  from  the  center  of  the  arch.  It  will 
now  be  seen  from  the  illustration  that  B  C  represents  the 
axis  of  a  cone,  of  which  A  C  is  one  side  and  A  B  one-half 
of  the  base.     The  cone  may  now  be  extended  beyond  the 


base  A  B  and  a  parallel  to  A  B  drawn  as  shown.  It  may 
now  be  seen  that  A  B  represents  the  upper  base  of  the 
frustum  of  which  the  blank  for  the  pattern  is  a  segment. 
The  side,  or  slant  height,  of  this  frustum  is  determined  by 
the  width  of  metal  necessary  to  form  the  molding.  There- 
fore, the  stretchout  of  the  different  members  to  be  raised  is 
set  off  on  C  A  extended,  as  shown  by  A  D.  Such  edges  or 
laps  as  may  be  necessary  for  the  construction  are  next  added 
on  both  sides  of  A  D.  The  pattern  may  now  be  described 
by  the  customary  radial  method,  using  C A  and  CD  for  the 
respective  radii,  as  shown  in  Fig.  35.     Since  the  axis  of  the 
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cone  thus  represented  occupies  a  horizontal  instead  of  an 
erect  position,  the  plan  of  the  cone  is  found  in  the  curves  of 
the  elevation.  Since,  therefore,  the  point  A  of  the  profile 
corresponds  with  E  of  the  elevation,  the  length  of  the  blank 
is  found  by  measuring  the  length  of  the  arc  E  Fsind  setting 
off  a  similar  distance  on  the  corresponding  arc  in  the  de- 
velopment. This  is  shown  by  A  E  and  E  A\  Fig.  35. 
Lines  drawn  from  C  through  A  and  A'  will  complete  the 
pattern. 


Fig.  85. 

The  proportions,  position,  and  shape  of  curved  moldings 
vary  to  such  an  extent  that  another  example  is  here  intro- 
duced. Fig.  36  shows  an  elevation  and  a  half  plan  of  a 
circular  finial,  which,  exclusive  of  the  base  and  top,  is  com- 
posed entirely  of  circular  moldings.  The  profiles  of  the 
several  moldings  are  shown  in  the  elevation,  while  the  bases 
of  the  cones  of  which  the  blanks  are  frustums  are  found  in 
the  plan.  In  separating  the  design  into  parts  convenient  for 
raising,  the  upper  part  from  A  to  E  may  be  divided  by  a 
horizontal  line  drawn  from  C,  thus  making  A  C  and  C  E 
alike.  While  the  lower  part  from  E  to  i>  could,  perhaps,  be 
made  in  one  piece,  it  can  more  easily  be  made  by  separating 
itatZ?. 
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In  accordance  with  the  instruction  already  given,  the 
flare  and  the  length  of  radius  for  a  pattern  of  the  upper 
mold  may  be  obtained  by  drawing  a  line  through  C  and  A 
and  extending  it  to  the  center  line  of  the  elevation,  which, 


\^ 

f\ 

y" 

\\ 

i»>^ 

^^ 

■1 
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Elevation 


FIG.  37. 


in  this  case,  is  the  axis  of  the  cone.  After  setting  off  the 
stretchout  of  the  profile  A  C  on  the  line  A  C  extended  to  C\ 
the  radii  of  the  blank  are  seen  to  be,  respectively,  /^^  and 
F  C.     The  pattern  obtained   from  these  radii  is  shown  in 
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Fig.  37  (a).  The  length  of  the  blank,  of  course,  is  taken 
from  the  outline  of  the  cone  shown  in  the  plan  of  Fig.  36. 

To  determine  the  flare  for  the  blank  for  the  lower  part  of 
the  finial — that  is,  from  B  to  D — the  oblique  line  may  be 
allowed  to  follow  very  closely  the  portion  of  the  profile  that 
is  nearly  straight.  By  so  doing,  but  little  hammering  will 
be  required  in  this  portion  of  the  blank,  while  the  upper 
part,  being  much  less  in  diameter  than  the  lower,  will  also 
require  less  labor  in  bringing  it  to  place.  The  stretchout  of 
the  profile,  in  this  case,  is  then  set  off  from  B  toward  If  and 
the  circumference  is  measured  on  B-B  of  the  plan,  as  shown 
in  Fig.  37  (c). 

The  method  of  obtaining  the  pattern  of  that  portion  of 
the  finial  from  Z>  to  i?  is  indicated  by  the  line  of  flare  E-D^ 
and  the  pattern  is  shown  in  Fig.  37  (d). 

No  attempt  should  be  made  to  cut  a  miter  at  the  end  of 
a  curved  molding,  for  it  is  impossible  to  allow  accurately  for 
the  stretching  of  the  metal.  It  is  best  to  make  the  blanks 
of  such  lengths  that  material  will  be  provided  for  trimming 
when  the  work  is  put  together. 


PBOBLEM  9. 

18.  To  develop  the  patterns  for  a  miter  between  a 
croTvn  molding:  and  a  volute. 

Explanation. — This  problem  is  presented  not  for  the 
reason  that  it  involves  any  unusual  principle,  but  rather 
because  it  is  a  case  of  common  occurrence,  and  illustrates  the 
manner  in  which  principles  already  given  may  be  applied. 

The  design  shown  in  Fig.  38  is  sometimes  used  in  the 
upper  finish  of  a  broken  pediment.  Frequently,  too,  the 
upper  members  of  a  crown  molding  in  a  lintet  cornice  are 
finished  in  a  similar  manner. 

Construction. — The  volute,  or  scroll,  may  be  drawn  by 
the  method  given  in  Geometrical  Drawings  and  is  the  same 
as  that  frequently  seen  in  the  sides  of  brackets  and  modil- 
lions.     If   desired,  the  scroll  may   be   drawn   by   freehand 
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methods,  and  the  curvature  modified  to  suit  the  fancy  of 
the  draftsman.  The  volute  here  shown  is  composed  of  arcs 
of  circles  described  from  centers  located  at  the  corners  of 
the  small  dotted  square  in  the  central  portion  of  the  volute 
in  Fig.  38.  The  greater  portion  of  the  cyma  in  the  cornice 
ends  squarely  at  the  line  A  B^  while  its  lower  portion,  together 
with  the  fillet,  the  small  cove  below,  and  the  fascia,  miter 
against  the  sides  of  the  scroll  from  A  to  c.  Since  only  that 
portion  of  the  cyma  below  A  is  to  be  mitered  against  the 
scroll,  a  projector  is  first  drawn  from  A^  parallel  to  the  edge 


Fig.  88. 

lines  of  the  molding,  until  it  intersects  at  x  the  profile  shown 
at  (^),  Fig.  38.  That  portion  of  the  cyma  below  x  is  next 
divided  into  any  convenient  number  of  equal  spaces,  as  is 
also  the  outline  of  the  cove  member.  The  stretchout  M  N'ls 
now  developed  in  the  customary  manner,  as  shown  in  Fig.  38. 
The  operation  of  developing  the  pattern  for  the  portion  of 
the  molding  that  butts  against  the  scroll  is  the  same  as  if 
the  molding  were  to  be  mitered  against  a  curved  roof,  as 
described  in  Problem  4.  Since  the  process  is  fully  shown  in 
Fig.  38,  further  description  is  unnecessary. 
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Fig.  89. 


The  pattern  for  a  blank  to  form  the  curved  mold  that, 
beginning  at  the  line  A  B,  forms  the  depressed  portion  of 
the  volute,  can  be  cut  in  accordance  with  the  method 
described  in  the  previous  problem.  Since  the  radii  used, 
however,  are  so  much  shorter  than  those  there  employed, 
definite  instructions  will  be  given. 

As  will  be  seen  from  the  elevation,  the  molding  includes 
arcs  of  four  different  circles;  the  pattern,  therefore,  should 
be  described  from  the  same  number  of  cen- 
ters. In  practice,  however,  if  the  pattern 
is  correctly  drawn  through  the  first  two  or 
three  arcs,  the  remaining  segments  may  be 
described  from  the  center  last  obtained.  In 
order  to  obtain  the  correct  radii,  the  dia- 
gram shown  in  Fig.  39  should  be  con- 
structed. In  this  view,  an  erect  profile  of 
the  crown  molding  is  first  to  be  drawn — the  cyma  only  being 
necessary.  Next,  through  the  extreme  points  D  and  E  of 
the  cyma,  a  line  to  establish  the  flare  of  the  blank  is  drawn 
and  produced  indefinitely,  as  shown  in  the  illustration. 
Now,  from  Z>,  Fig.  39,  a  perpendicular  is  erected  upon  which 
the  several  radii  of  the  elevation  are  set  off — that  is,  b  f,  C d^ 
etc.,  Fig.  38.  The  required  radii  for  the  first  two  segments 
of  the  pattern  may  then  be  taken  from  Fig.  39  as  D  /' 
d\ 

for  this  blank  is  shown  in  Fig.  40.  The 
lengths  of  the  arcs  b  c  and  c  e  oi  the  pat- 
tern, together  with  the  remainder  of  the 
pattern  e  to  H^  are  made  equal  to  the 
lengths  of  corresponding  parts  of  the  eleva- 
tion. Thus  far,  only  the  outer  line  of  the 
pattern  has  been  drawn.  The  distance  j^ 
from  the  pattern  outline  obtained  in  Fig.  38 
may  now  be  set  off  from  b  toward/,  as  shown 
at  .r,  Fig.  40.  The  line  from  x  to  H  can 
be  drawn  only  approximately,  but  the  stu- 
dent should  be  careful  to  leave  a  sufficient 
width  to  permit  of  trimming  after  the  blank  has  been  raised. 


and  D 
The 


pattern 
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PROBTuEM     lO. 

19.  To  develop  the  patterns  for  a  pediment  mold- 
ing -with  raked  profile. 

Explanation. — Reference  has  already  been  made,  in 
Architectural  Proportion^  to  the  methods  used  in  producing 
a  profile  for  inclined  moldings  that  miter  directly  to  square 
returns.  If  the  returns  of  such  inclined  moldings  are  short 
and  finish  against  a  wall,  it  is  customary  to  rake  the  profile 
of  the  return  and  to  use  the  original,  or  normal,  profile  for  the 
inclined  moldings.  The  reason  for  this  is  that  a  raked  profile 
is  always  a  more  or  less  distorted  one,  especially  if  the  angle 
of  inclination  is  large.  If  the  length  of  the  return  is  con- 
siderable, however,  or  if  it  is  mitered  again  at  the  back  and 
forms  part  of  a  belt  course,  the  normal  profile  may  be  used 
for  the  horizontal  moldings  and  the  profile  for  the  inclined 
moldings  obtained  by  raking. 


Fig.  41. 


Fig.  48. 


A  half  elevation  of  a  pediment  frequently  used  is  shown 
in  Fig.  41.  Here  the  profile  of  the  return  is  normal,  as 
shown  at  («),  while  that  of  the  inclined  molding  is  changed, 
or  raked,  to  correspond.  Fig.  42  shows  a  broken  pediment 
in  which  the  profile  of  the  inclined  molding  is  normal  and 
the  profiles  of  both  upper  and  lower  returns  are  raked. 

Construction. — The  normal  profile  shown  at  Fig.  43  {a)  is 
first  drawn.  From  this  profile  the  lines  of  the  level  molding 
and  also  those  of  the  inclined  molding  are  projected  as  shown. 
To  obtain  the  rake  profile,  B  C  is  drawn  at  right  angles  to 
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the  inclined  molding,  and  a  copy  of  the  normal  profile  is 
placed  thereon,  as  shown  at  (^),  Fig.  43.  Next,  the  curved 
portions  of  both  normal  profiles  are  divided  into  the  same 
number  of  equal  spaces.  The  points  defining  these  spaces, 
together  with  the  edges  of  the  profiles,  may  then,  for  con- 
venience of  reference,  be  indicated  by  corresponding  let- 
ters and  numerals.  From  each  of  the  points  in  the  profile 
at  {a),  projectors  are  next  carried  indefinitely  toward  ^C 
and   are  then  intersected  by   lines  parallel   to  B  C  drawn 


Fig.  43 

from  corresponding  points  in  the  upper  profile.  The  profile 
of  the  rake  molding  may  now  be  traced  through  the  points 
of  intersection  thus  found. 

The  stretchout  of  the  raked  profile  is  next  developed 
on  AfN  at  right  angles  to  the  rake  molding,  and  the  usual 
edge  lines  are  then  drawn.  Note  that  when  the  stretchout 
for  the  curved  portion  of  the  rake  profile  is  laid  off,  each 
space  must  be  taken  separately,  since  they  are  of  unequal 
length.  Developers  may  now  be  drawn  from  points  on 
the  profile  at  {a)  to  the  corresponding  edge  lines  in   the 
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development,  thus  completing  the  pattern.  Observe  that 
the  lower  fillet  and  fascia  miter  against  the  sloping  wash  of 
the  level  cornice,  the  patterns  for  which  are  described  in 
a  later  problem.  The  pattern  for  the  return  at  the  lower 
end  of  the  rake  molding  is  a  simple  square  return  miter 
developed  from  the  profile  {a)  in  the  usual  manner. 


Fig.  44. 

Fig.  44  shows  the  method  used  to  rake  the  return  mold- 
ings when  the  normal  profile  is  used  for  the  inclined  mold- 
ing. The  profile  of  the  fascia  and  the  fillet  should  first  be 
drawn  as  at  (a) ;  then,  from  1,  the  upper  point  of  the  fillet,  a 
line  is  drawn  at  the  required  angle.     The  normal  profile  is 


Digitized  by  VjOOQIC 


§21 


DEVELOPMENT  OF  MOLDINGS. 


45 


next  copied  in  the  position  shown  in  Fig.  44  (d).  In  case  a 
return  is  needed  at  the  top,  as  in  a  broken  pediment,  another 
normal  profile  must  be  placed  as  shown  at  (r).  Points  are 
next  located  in  corresponding  positions  on  the  different  pro- 
files and  denoted  by  similar  numerals  for  convenience  of 
reference.  Projectors  from  all  points  of  profile  (a)  may 
now  be  drawn  parallel  with  the  rake  indefinitely  in  both 
directions  and  intersected  by  other  projectors  drawn  from 
corresponding  points  in  the  profiles  at  (d)  and  (c).  The 
rake  profiles  may  next  be  traced  through  the  points  of 
intersection,  as  shown  in  Fig.  44. 


Fig.  4r. 

The  pattern  for  the  rake  molding  is  obtained  by  a  process 
similar  to  that  in  Fig.  43.  Since  the  operation  is  fully 
shown  in  Fig.  44,  further  description  is  unnecessary. 

The  patterns  for  the  returns  are  obtained  by  using  the 
raked  profiles  in  Fig.  44  as  was  the  normal  profile  in 
Fig.  43 — that  is,  ordinary  square  miters  are  developed. 

In  the  case  of  a  pediment  whose  outline  is  curved,  the 
operations  of  raking  a  stay  may  be  accomplished  by  lines 
carried  from  points  in  the  lower  normal  profile  around  the 
curve  to  B  C,  Fig.  45.     If  the  profile  of  the  curved  molding 
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is  raked,  the  view  must  be  constructed,  not  on  the  curved 
lines  but  on  lines  drawn  perpendicular  to  the  radius  B  C,  as 
shown  by  the  small  drawing  in  the  upper  portion  cf  Fig.  45. 
When  the  curved  molding  has  the  normal  profile,  the  lines 
from  points  on  the  profile  are  first  drawn  perpendicular 
to  B  C;  from  the  intersection  points  on  B  C,  circular  pro- 
jectors are  then  carried  around  the  curve  and  are  used  to 
obtain  a  raked  profile  at  the  top  or  at  the  foot  of  the  pedi- 
ment in  the  same  manner  as  the  straight  projectors  were 
used  in  Fig.  44. 


PROBLEM   11. 

20,  To  develop  the  patterns  for  a  pediment  molding: 
raked  Urom  an  oeta|?on  miter. 

Explanation. — The  cornices  used  to  finish  the  upper  por- 
tion of  an  octagonal  tower  are  sometimes  designed  with 
pediments  on  the  four  alternate  sides,  while  the  cornices 
on  the  intermediate  sides  remain  horizontal.  If  the  crown 
molding  of  the  pediment  in  such  cases  is  to  be  mitered 
directly  with  that  of  the  horizontal  cornice,  a  raked  profile 
must  be  obtained.  The  process  employed  differs  from  that 
already  explained  in  that  the  raked  profile,  instead  of  being 
projected  from  the  normal  profile  of  the  horizontal  molding, 
is  derived  from  a  certain  view  of  the  octagon  miter. 

Construction. — The  conditions  just  described  are  shown 
in  Fig.  46,  which  contains  a  plan  and  an  elevation  of  a 
pediment  whose  crown  molding  is  raked  from  the  horizontal 
molding.  It  will  be  seen  that  the  normal  profile  is  first 
drawn  as  shown  at  (a).  The  lines  of  the  horizontal  mold- 
ing on  the  oblique  side  are  then  drawn  as  shown.  Next,  a 
plan  is  represented  as  in  Fig.  4G,  and  the  projection  of  the 
cornice  molding  is  indicated  by  lines  drawn  parallel  thereto. 
The  miter  line  A  B  may  next  be  drawn  as  described  in 
Problem  2.  A  duplicate  of  the  normal  profile  is  then  drawn 
in  the  plan  as  shown  at  (/;).  As  in  the  preceding  problems, 
the  outlines  of  both  profiles  are  similarly  spaced  and  the 
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points  may  be  indicated  by  corresponding  notation.  From 
all  points  of  the  profile  {a),  lines  are  projected  an  indefinite 
distance  into  the  elevation,  and  from  points  in  the  pro- 
file (i),  projectors  parallel  to  the  wall   line   are   extended 


P/an 


Fig.  46. 


until  they  intersect  the  miter  line  AB.  From  points  thus 
obtained  on  the  miter  line  in  the  plan,  vertical  projectors 
are  drawn  to  the  elevation,  where  they  must  intersect  pro- 
jectors drawn  from  corresponding  points  of  the  profile  at  {a). 
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The  oblique  view  of  the  miter  is  now  to  be  represented  in 
the  elevation  by  a  line  traced  through  the  points  of  inter- 
section from  C  to  D,  The  elevation  of  the  pediment  may 
now  be  completed  by  lines  drawn  at  the  desired  angle  from 
the  several  edges  of  the  miter  C  D^  as  shown  in  Fig.  46. 

The  method  employed  to  obtain  the  profile  of  the  rake 
molding  at  (^)  is  similar  to  that  described  in  the  preceding 
problem.  The  foreshortened  view  of  the  miter  CD  is  used 
as  if  it  were  the  profile  of  a  square  return,  and  projectors 
are  drawn  parallel  with  the  lines  of  the  rake  molding  from 
all  of  its  edges  and  interedges.  These  projectors  are  next 
intersected  with  projectors  from  corresponding  points  of  a 
normal  profile  placed  as  shown  at  {c).  The  profile  at  (<:),  of 
course,  must  be  divided  in  a  manner  similar  to  those  shown 
at  (a)  and  (b). 

The  stretchout  M N  \%  developed  from  the  profile  at  (^/), 
each  space  of  which  must  be  separately  transferred.  The 
pattern  is  completed  in  the  usual  manner  by  edge  lines, 
interedge  lines,  and  developers  drawn  as  shown  in  Fig.  46. 


PROBLEM  18. 

21  •  To  develop  the  patterns  for  a  miter  betiiveeii 
pediment  moldingfs  of  different  pitch. 

Explanation. — It  is  sometimes  desirable  to  provide  a 
finish  of  cornice  moldings  for  a  square  tower  on  each  side  of 
which  a  pediment  is  formed  and  to  finish  the  lower  ends  of 
the  pediment  moldings  upon  one  another.  When  the  four 
sides  of  the  tower  are  of  equal  width,  the  lengths  of  the 
pediment  moldings  are  necessarily  the  same.  Should  the 
tower,  however,  be  constructed  with  two  opposite  sides 
wider  than  the  other  two,  the  profile  for  the  pediment  mold- 
ings on  two  of  the  sides  must  be  raked.  This  is  obviously 
necessary,  since  the  angles  of  the  pediment  are  unequal. 

Two  elevations  of  a  tower  having  unequal  sides  are  shown 
in  Fig.  47.  So  far  as  the  plan  is  concerned,  the  miters  ap- 
pear the  same  as  ordinary  square  miters.     It  will  be  assumed. 
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in  this  problem,  that  the  adjacent  gables  are  of  the  same 
height,  although  different  in  width.  It  will  be  seen  from 
Fig.  47  that  the  true  lengths  of  the  edge  lines  are  shown 


FIG.  47. 

only  in  the  elevation,  while  the  miter  line — that  is,  the  edge 
view  of  the  miter  plane — is  seen  only  in  the  plan.  It  is  first 
necessary  to  construct  a  correct  elevation  of  the  miter. 

Construction. — Let  it  be  assumed  that  the  normal  pro- 
file shown  at  (a),  Fig.  48,  is  to  be  used  on  the  narrow  sides  of 
the  tower  and  that  the  moldings  of  the  wider  sides  are  to  be 
raked  to  correspond.  The  line  A  B  is  first  drawn  on  the 
narrow  side  of  the  tower  at  the  required  angle,  and  from  A 
a  vertical  line  is  drawn  to  represent  one  of  the  corners.  The 
normal  profile  is  then  drawn  in  the  position  shown  at  (a), 
with  the  vertical  lines  at  right  angles  to  A  B.  From  any 
convenient  position  on  the  vertical  line  from  A,  the  normal 
profile  is  placed  as  shown  at  {b).  Next,  the  curved  portions 
of  both  profiles  are  divided  into  the  same  number  of  equal 
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spaces.  From  the  several  edges  and  interedges  of  the  pro- 
file at  {a)y  lines  parallel  to  A  Bare  drawn  indefinitely  toward 
the  miter.  These  lines  are  then  intersected  by  perpendicu- 
lars drawn  from  corresponding  points  in  the  profile  at  (d). 


9tj/jjia^u9^ 


»urj  JSfU9Q 


A  line  traced  through  the  points  of  intersection,  as  shown 
from  A  to  C,  will  give  the  correct  elevation  of  the  miter, 
and  will  also  define  the  termination  of  the  edge  and  inter- 
edge  lines  of  the  pediment  molding. 
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The  pattern  for  this  pediment  molding  may  now  be  de- 
veloped on  the  stretchout  M N,  This  stretchout  is  derived 
from  the  profile  at  (^),  and  the  drawing  is  completed  by  the 
aid  of  developers  from  the  several  points  of  intersection  ob- 
tained in  A  C,  The  miter  at  the  apex  of  the  gable  is,  of 
course,  an  ordinary  face  miter,  and  may  be  obtained  by  the 
usual  method.  In  the  case  of  a  tower  whose  four  sides  are 
equal,  the  pattern  thus  obtained  will  answer  for  all  of  the 
pediment  moldings. 

To  obtain  the  raked  profile  and  pattern  for  the  molding 
on  the  wider  sides  of  the  tower,  an  elevation  must  be 
drawn  as  shown  on  the  left  in  Fig.  48.  A  vertical  line  is 
first  drawn  to  represent  the  angle,  or  corner,  of  the  tower, 
and  a  horizontal  line  is  next  projected  from  A  to  inter- 
sect the  vertical  at  A\  On  this  line,  with  A*  as  its  low- 
est point,  a  duplicate  of  the  miter  C  A  \^  next  placed,  as 
shown  by  A'  C\  At  a  horizontal  distance  from  A'  equal 
to  one-half  of  the  width  of  the  wide  side  of  the  tower,  a 
vertical  center  line  is  drawn.  From  D,  the  apex  of  the 
narrow  gable,  a  horizontal  line  that  cuts  this  center  line 
at  U  is  then  drawn.  A  line  from  C  to  D'  will  establish 
the  pitch  of  this  gable,  and  lines  from  the  several  edges 
and  interedges  of  the  profile  C  A'  are  next  drawn  paral- 
lel to  C  D'.  The  raked  profile  of  this  molding  is  next 
obtained  in  the  manner  described  in  Problem  10;  th^t  is, 
the  normal  profile  is  copied  in  the  position  shown  at  (^), 
on  any  line  drawn  at  right  angles  to  C  D'.  Its  outline 
is  next  divided  in  the  same  manner  as  the  profile  at  {a). 
From  points  on  the  miter  line  C  A\  projectors  are  drawn 
parallel  to  C  D',  These  projectors  are  intersected  by 
corresponding  lines  drawn  at  right  angles  to  C  D'  from  the 
profile  at  {c).  A  line  traced  through  the  points  of  inter- 
section, as  shown  at  {d)^  then  defines  the  required  raked 
profile. 

The  pattern   for  the  raked  molding  may  now  be  laid  off 
by  means  of  the  stretchout  2^f  N\  which  is  developed  from 
the  profile  at  (d).     The  completion  of  the  pattern  is  fully 
shown  in  Fig.  48. 
A     Jf.—S9 
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PROBL.EM  13. 

22.     To  develop  tlie  patterns  for  a  raking  bracket. 

Explanation. — As  the  student  has  already  seen  in  Archi- 
tectural Proportion^  modillions  and  brackets  that  are  used 
on  the  raking  moldings  of  pediments  and  gable  cornices  are 
made  with  their  sides  in  a  vertical  plane.  When  the  mold- 
ings of  a  horizontal  cornice  are  used  for  the  inclined  mold- 
ings of  a  gable,  the  height  of  the  several  members — that 
is,  the  dimensions  measured  at  right  angles  to  the  edge 
lines  of  the  molding — is,  of  course,  the  same  in  both  cases. 


Fig.  49. 

If  the  modillions  in  the  oblique  cornice  are  placed  verti- 
cally, therefore,  the  height  of  their  sides  will  be  greater 
than  that  of  the  corresponding  modillions,  or  brackets,  in 
the  horizontal  moldings.  Brackets  so  designed  are  called 
raking  brackets,  and  while  their  sides  are  increased  in 
height,  the  edge  lines  of  their  face  moldings  remain  parallel 
to  those  of  the  oblique  cornice. 
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The  patterns  of  the  motcliogs  that  form  the  faces  of  the 
raking  brackets  may  thus  be  seen  to  be  merely  butt  miters, 
of  which  the  outline  of  the  bracks  in  the  horizontal  cornice 
is  the  profile,  while  the  sides  of  th^  raking  brackets  are  the 
miter  planes.  Fig.  49  shows  an  elevation  of  a  horizontal 
cornice  containing  a  bracket  whose  profile  is  shown  at  the 
left.  Joining  this  at  the  right,  by  means  of  a  regular  face 
miter,  is  the  foot  o(  a  gable  cornice  on  which  is  represented 
the  front  view  of  a  raking  bracket. 


FlO.  50. 

Construction. — In  making  the  detail  drawing  from  which 
to  obtain  the  patterns  of  the  raking  bracket,  the  oblique 
line  A  B  in  Fig.  50  is  first  drawn  at  the  required  pitch. 
Next,  from  any  convenient  point,  as  C,  a  line  CD  should 
be  drawn  at  right  angles  to  ^  ^  to  represent  the  vertical 
line  at  the  back  of  the  bracket  in  the  horizontal  cornice. 
The  required  height  of  the  bracket  is  then  set  off  on  this 
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line  and  the  drawing  of  the  bracket  side  is  completed  in  the 
manner  shown  in  Fig.  50.  Next,  a  line  D E  '\s  drawn  par- 
allel to  A  B  to  represent  the  bottom  line  of  the  frieze. 
Now,  conveniently  close  to  CD,  two  vertical  parallels  are 
drawn,  the  perpendicular  distance  between  which  is  the 
same  as  the  face  width  of  the  normal  bracket.  Projectors 
parallel  to  A  B  are  next  drawn  from  the  several  edges  and 
interedges  of  the  bracket  profile  at  {a),  in  the  manner 
shown  in  Fig.  50.  This,  it  will  be  seen,  completes  the  front 
elevation  of  the  raking  bracket,  exclusive  of  the  moldings 
that  form  the  bracket  head. 

To  obtain  the  pattern  for  the  face  of  the  raking  bracket, 
the  stretchout  MN  is  developed,  in  the  position  shown  in 
Fig.  50,  from  the  profile  of  the  normal  bracket  at  {a). 
After  edge  and  interedge  lines  have  been  drawn,  developers 
from  the  intersections  in  the  elevation  will  complete  the 
construction. 

To  obtain  the  pattern  for  the  side  of  the  raking  bracket, 
the  vertical  line  B  £  is  drawn,  as  shown,  at  a  convenient 
distance  from  the  bracket  face.  The  projectors  used  to 
represent  the  edges  and  interedges  of  the  bracket  are  then 
produced  until  they  intersect  the  lineB  £,  as  shown.  From 
points  of  intersection  thus  obtained  on  BE,  horizontal  lines 
are  next  drawn  indefinitely  toward  the  right.  The  lengths  of 
the  several  lines  drawn  across  the  normal  profile  at  {a)  may 
now  be  taken  in  the  dividers  and  set  off  on  corresponding 
horizontals  in  the  upper  view  at  (^).  The  outline  of  the 
raked  profile  may  then  be  traced  through  the  points  thus 
determined,  as  shown  in  (^),  Fig.  50. 

It  will  be  understood  by  the  student  that  in  case  it  becomes 
necessary  to  obtain  the  outline  for  the  brackets  of  a  hori- 
zontal cornice  from  the  profile  of  a  raking  bracket,  the  neces- 
sary operations  would  be  performed  in  the  reverse  order 
from  that  just  described.  If,  however,  a  situation  should  be 
encountered  in  which  only  raking  brackets  were  needed,  it 
is  quite  as  necessary  that  a  normal  profile  should  be  con- 
structed, since  it  is  from  this  view  that  the  stretchout  for 
the    raking  bracket  is  developed.      The   normal   profile  is 
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necessary,  also,  for  use  as  a  stay  when  the  faces  of  the  ra- 
king brackets  are  formed. 

It  should  be  noted  that,  of  the  three  pieces  of  molding 
that  form  the  head  of  the  bracket — in  cases  where  the  bed 
molding  of  the  cornice  is  used  to  finish  the  upper  portion  of 
the  bracket — the  front  piece  only  has  the  same  profile  as  the 
bed  mold.  The  profiles  for  the  returns  on  feach  side  of  the 
bracket  are  determined  by  the  method  used  to  obtain  the 
profiles  for  the  returns  at  the  top  of  a  broken  pediment,  as 
explained  in  Problem  10.     The  operation  of  raking  these 


N         K 


Fig.  51. 


profiles  and  of  developing  the  patterns  for  the  returns  is 
shown  in  Fig.  51.  This  drawing  represents  the  upper  por- 
tion of  the  bracket  on  a  scale  somewhat  larger  than  that 
used  for  Fig.  50.  Duplicates  of  the  normal  profile  are 
placed  in  an  erect  position  either  above  or  below  the  bracket 
head,  as  shown  at  (6)  and  (c).  The  outlines  of  these  pro- 
files, together  with  the  profile  of  the  bed  molding  at  {a),  are 
then  divided  into  the  same  number  of  equal  spaces.  From 
the  points  thus  located  in  {a),  edge  and  interedge  lines  of 
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indefinite  length  are  drawn  parallel  to  the  inclined  molding. 
These  lines  are  next  intersected  by  vertical  lines  drawn 
from  corresponding  points  in  (b)  and  {c).  The  raked  pro- 
jSles  may  then  be  indicated  on  the  drawing  by  irregular 
curves  traced  through  the  points  thus  determined,  as  shown 
at  (e)  and  (/).  The  stretchout  MN  is  next  developed 
from  the  profile  at  (a),  and  developers  from  {e)  and  (/)  will 
complete  the  pattern  for  the  front  molding,  as  shown  in 
Fig.  51. 

To  obtain  the  patterns  for  the  returns,  each  of  the  raked 
profiles  must  be  considered  as  a  normal  profile,  and  plain 
square  miters  developed  therefrom.  When  the  stretchout 
of  (/)  is  developed,  the  spaces  between  the  points  pre- 
viously obtained  must  be  transferred  separately  to  Af  N\ 
or,  if  desired,  the  profile  may  be  redivided  into  equal  spaces. 
The  same  process  must  be  followed  with  respect  to  the  pro- 
file {e)y  the  pattern  for  which  is  shown  on  the  stretchout  M' 
N\  Fig.  51. 


PROBLEM  14. 

23.  To  develop  the  imttems  for  an  oblique  mold- 
ing tliat  miters  against  an  irregularly  shaped  pier. 

Explanation. — The  oblique  moldings  of  gables  sometimes 
terminate  at  the  foot  against  columns  or  molded  piers  that 
rise  above  the  gable,  as  in  Fig.  52.  The  details  of  the 
molding  and  of  the  pier  are  usually  given  in  drawings  fur- 
nished by  the  architect,  and  from  such  details  a  view  simi- 
lar to  that  shown  in  Fig.  53  must  be  constructed  by  the 
pattern  draftsman. 

Construction. — Since  the  inclination  of  the  gable  mold- 
ing can  be  shown  only  in  an  elevation  and  the  profile  of 
the  pier  can  be  represented  only  in  a  plan,  it  is  evident 
that  both  views  will  be  required.  The  plan  of  the  pier 
or  the  column  should  first  be  drawn  as  shown  in  Fig.  53. 
Next,  a  profile  of  the  gable  molding  should  be  drawn  in 
the  plan,  as  shown  at  {a)y  with  its  vertical  side  against 
the  wall.     The  plan  is  then  completed  by  the  projection 
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of  the  necessary  edge  and  interedge   lines  drawn  parallel 
to  the  wall  line  and  produced  until  they  intersect  the  side 

of  the  pier. 

The    several    edges 
and  angles  of  the  pier 
in   the  plan   are   now 
projected  to    the   ele- 
vation,    and    in    this 
view  the  line  ^  ^  to 
represent    the    lowest 
edge    line   of    the    in- 
clined molding  is  then 
drawn  at  the  required 
angle.      Next,  against 
any  line,  slsBC,  drawn 
at  right  angles  to  A  B^ 
the   normal   profile  is 
copied  from  (a)  to  the 
position  shown  at  {b). 
Lines  drawn  from  the 
several  edges  and  in- 
teredges  at  {b)  and  parallel  to  A  B  will  complete  the  ele- 
vation with  the  exception  of  the  correct  view  of  the  miter 
line.     This  line  is  determined  by  projectors  drawn  to  the 
elevation  from  the  plan,  and  from  points  on  the  pier  in  the 
latter  view,  at  the  intersection  of  the  horizontal  projectors 
;  drawn  from  the, view  at  {a).     The  correct  view  of  the  miter 
\*i  line  is  then  trclced  in  the  elevation  through  the  intersections 
trof  corresponding  projectors.    This  foreshortened  view  of  the 
miter  line  is  represented  hy  A  E  D^  Fig.  53,  and  should  be 
understood  by  the  student  from  instruction  given  in  preced- 
ing problems.     The  stretchout  of  the  molding  may  now  be 
.set  off  in  the  usual  manner  on  M N,  and  edge  and  interedge 
lines  for  the  development  drawn  as  usual.     Developers  from 
tlbe  several  points  of  intersection  in  A  £"/> carried  to  correspon- 
(Hhg  ed'gse  lines  in  the  development  will  complete  the  pattern. 
\Since  the"  pi-an  shows  that  the  roof  and  the  upper  fillet  of 
the  molding  must  intersect  the  curved  outline  of  the  pier, 


P/ar 
Fig   52. 


Digitized  by  VjOOQIC 


68 


DEVELOPMENT  OF  MOLDINGS. 


§21 


it  will  be  noticed  from  Fig.  53  that  these  members  must  be 
divided  by  interedges  in  the  same  manner  as  the  outline  of 


F/an, 


Fig.  53. 


curved  members.  The  entire  process  is  shown  in  Fig.  53, 
and  the  student  should  have  little  difficulty  in  following  the 
construction. 
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PROBLEM  15. 

24,  To  develop  the  patterns  for  a  grable  molding 
that  miters  agrainst  a  wash. 

Explanation. — When  a  pediment  is  designed  to  surmount 
a  horizontal  cornice,  the  moldings  of  the  gable  are  usually 
made  to  miter  on  the  wash,  or  sloping  roof,  of  the  main 
cornice.  Since  the  elevation  of  the  gable  is  the  only  view 
in  which  the  true  lengths  of  the  edge  lines  are  shown,  the 
pattern  must,  of  course,  be  developed  from  that  view. 
However,  since  the  termination  of  the  edge  lines  is  gov- 
erned by  the  pitch  of  the  wash,  which  can  be  shown  only  in 
a  vertical  sectional  view,  it  is  apparent  that  these  two  views 
must  be  drawn  before  a  correct  elevation  of  the  miter  can 
be  shown  or  the  pattern  developed. 


£/ff¥'&fWfJ 

Sectton 
Pio.  54. 

Construction. — The  pitch  of  the  gable  should  first  be 
established  and  the  profile  of  the  moldings  so  placed  that 
the  edge  lines  shall  be  parallel  to  the  pitch  of  the  gable,  as 
shown  at  (^),  Fig.  54.  From  the  several  edges  and  inter- 
edges  of  the  profile,  projectors  parallel  to  the  molding  are 
drawn  toward  the  roof  of  the  horizontal  cornice.  The  ver- 
tical sectional  view  already  referred  to  is  next  constructed 
by  first  drawing  a  duplicate  of  the  profile  at  (a)  in  the  posi- 
tion shown  at  (b).     Next,  immediately  below  (^),  the  slope 
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of  the  wash  is  represented  by  the  line  CD,  From  all  the 
edges  and  interedges  of  the  profile  at  (^),  projectors  are 
drawn  to  the  wash  CD.  Now,  from  the  points  of  inter- 
section on  C D^  horizontal  lines  are  drawn  to  the  elevation 
to  intersect  edge  lines  from  corresponding  points  on  the 
profile  at  (a),  A  line  traced  through  the  points  of  inter- 
section, as  shown  from  A  to  B^  will  complete  the  elevation 
of  the  miter. 

To  develop  the  pattern,  the  stretchout  M N  is  drawn  at 
right  angles  to  the  pitch  of  the  gable  and  spaced  off  in  the 
usual  manner  from  the  profile  at  {a).  Developers  drawn 
from  the  several  points  of  intersection  previously  obtained 
in  -^  j5  to  corresponding  edge  lines  in  the  development  will 
complete  the  pattern. 


PROBLEM  16. 

25,  To  develop  the  patterns  for  the  return  cornices 
of  a  dormer  that  miter  a^rainst  an  octagonal  roof. 

Explanation. — The  elevations  and  plan  of  a  dormer  that 
miters  against  an  octagon  tower  is  shown  in  Fig.  55.  It  will 
be  seen  from  this  illustration  that  the  returns  of  the  cornice 
miter  against  the  oblique  sides  of  the  octagonal  roof.  The 
surface  against  which  the  returns  miter  is  therefore  obliquely 
inclined  with  reference  to  the  plan  and  elevation  shown  in 
Fig.  55. 

When  the  working  drawings  for  such  a  construction  are 
to  be  made  by  the  pattern  draftsman,  unusual  care  must  be 
exercised  in  order  that  the  position  of  the  several  lines  that 
represent  the  roof  are  in  correct  relative  positions  with  refer- 
ence to  the  moldings  of  the  dormer.  This  condition  must 
be  ascertained  by  careful  measurements  taken  either  from 
the  building  itself  or  from  the  architect's  drawings.  The 
length  of  the  return  molding  depends,  of  course,  on  the 
slant  of  the  roof  and  on  the  projection  of  the  face  of  the 
dormer  from  the  base  of  the  roof.  It  is  necessary,  also,  to 
ascertain  the  exact  position  of  the  hip  line  and  to  see  that  it 
is  correctly  represented  in  the  plan,  since  it  is  from  this  view 
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that  the  pattern  must  be  developed.  In  all  cases  where 
possible,  it  is  best,  of  course,  to  construct  full-size  working 
drawings,  but  when  the  work  is  very  large  and  it  is  incon- 
venient  to   construct   full-size  drawings,  correct  measure- 


FIO.  56. 


ments  may  be  obtained  from  a  drawing  made  to  any  con- 
venient scale — say,  one-half  or  one-quarter  the  full  size  of 
the  design.  The  actual  patterns  for  the  miter,  however, 
must,  in  every  case,  be  developed  from  full-size  details. 
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Construction. — The  first  thing  to  be  ascertained  is  the 
position  of  the  hip  line  of  the  roof  and  its  relation  to  the  re- 
turns; in  other  words,  we  must  first  find  out  what  portion 
of  the  profile  of  the  return  is  to  be  niitered  against  the  front 
side  of  the  roof  and  what  portion  against  the  oblique  side. 
The  front  and  the  side  elevation  of  the  dormer  are  first  to 
be  drawn  as  in  Fig.  55,  being  careful  to  show,  in  the  side 
view,  the  correct  relation  of  the  roof  line,  as  already  stated. 
The  plan  is  next  drawn  below  the  front  elevation,  as  shown. 
In  this  view,  the  lines  that  represent  the  front  and  the  side 
of  the  dormer  and  also  the  lines  that  represent  the  outer 
projection  of  the  dormer  cornice  must  be  shown.  When 
the  side  elevation  is  drawn,  the  moldings  of  the  cornice  may 
be  represented,  for  the  present,  as  finishing  against  the  roof 
line,  as  in  Fig.  55.  In  the  plan,  the  ridge  of  the  dormer 
roof  and  the  eave  lines  may  be  represented  the  same  length 
as  corresponding  lines  in  the  side  elevation.  Next,  the  base 
line  of  the  front  side  of  the  octagonal  roof  may  be  repre- 
sented in  the  plan  as  shown  by  B  C.  In  Fig.  55,  the  front 
of  the  dormer  is  shown  flush  with  the  base  line  of  the  roof, 
but  it  should  be  understood  that  dormers  are  often  placed 
either  above  or  below  the  base  line,  in  which  case  the  line 
of  the  roof  must  be  represented  accordingly.  The  line  B  F 
IS  then  drawn  in  the  plan  at  the  correct  octagon  angle  to 
represent  the  oblique  side  of  the  roof.  The  angle  C B  F  is 
now  bisected,  and  the  line  of  the  hip  is  represented  in  the 
plan  by  B  D.  Since,  as  already  stated,  the  pattern  is  to  be 
developed  from  the  plan,  the  position  of  the  hip  line  need 
not  necessarily  be  shown  in  the  front  elevation.  In  this 
case,  however,  the  student  may  complete  both  views  as 
shown  in  Fig.  55,  since  he  will  then  better  understand  the 
drawing. 

Those  portions  of  Fig.  55  that  are  necessary  in  obtaining 
the  pattern  are  shown  somewhat  enlarged  in  Fig.  bQ.  The 
sidd  view  in  this  illustration  is  an  enlarged  copy  of  the  cor- 
responding portion  of  Fig.  55.  The  plan  of  the  dormer  is 
shown  immediately  below — in  this  case,  turned  so  that  pro- 
jectors from  corresponding  positions  in  the  elevations  may 
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be  drawn  between  the  two  views.  The  front  elevation  is 
shown  at  the  right,  and  on  a  center  line  common  to  the 
plan. 

Thus  far  we  have  represented  the  dormer  as  if  its  mold- 
ings were  mitered  entirely  against  one  face  of  the  tower 
roof.  It  is  known,  however,  that  the  upper  portion  of  the 
cornice  profile  extends  beyond  the  hip  line,  and,  conse- 
quently, it  must  miter  against  the  oblique  side  of  the  roof. 
It  is  apparent  from  the  drawings  that  the  hip  line  of  the 
roof  intersects  the  cornice  profile  at  a  point  on  its  plan- 
ceer. 

It  is  first  necessary  to  set  off  into  the  same  number  of 
equal  spaces  the  curved  portions  of  the  crown  moldings 
shown  in  profile  at  (a)  and  (^),  Fig.  56.  Projectors  parallel 
to  the  lines  of  the  molding  are  next  drawn  from  the  points 
of  (d)  to  their  intersections  with  the  roof  line,  as  shown. 
Next,  from  the  several  points  of  intersection  on  the  roof 
line,  the  projectors  are  produced  until  they  intersect  the 
hip  line  B  D  in  the  plan.  From  points  thus  obtained  on  B  D, 
lines  of  indefinite  length  are  next  drawn  parallel  to /? /^ 
These  lines  are  intersected,  as  shown  in  Fig.  56,  by  pro- 
jectors drawn  from  corresponding  points  in  the  profile  at  (a). 
A  line  traced  through  the  points  of  intersection,  as  shown 
at  {c)y  will  represent  a  correct  view  of  the  miter. 

To  obtain  the  pattern,  the  stretchout  MN  is  next  set  off 
in  the  usual  manner.  If  desired,  the  roof  surface  of  the 
dormer  may  be  added  to  the  stretchout,  as  shown  in  Fig.  56. 
From  the  points  x  and  z,  where  the  hip  line  cuts  the  roof 
and  the  planceer,  lines  must  be  carried  back  to  the  profile 
in  the  manner  shown,  and  their  positions  must  be  indicated 
on  the  stretchout  MN.  Developers  drawn  from  the  points 
of  intersection  at  {c)  and  from  the  profile  at  (b)  will  com- 
plete the  pattern  as  shown  in  Fig.  6Q. 

The  pattern  for  the  bed  molding  that  miters  against  the 
front  side  of  the  roof  must  be  obtained  by  the  process  given 
in  Problem  3. 

The  side  elevation  in  Fig.  5(5  shows  a  correct  view  of  the 
molding  as  it  will  appear  when  finished.     The  student  will 
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understand,  however,  that,  so  far  as  the  pattern  draftsman 
is  concerned,  the  completion  of  this  view  is  unnecessary. 
The  process  is  shown  in  Fig.  56  as  an  aid  to  students  that 
desire  to  complete  their  projection  drawings. 


PROBLEM  17. 

26,  To  develop  the  patterns  for  a  miter  between  a 
molding:  and  a  sphere,  or  tell. 

Explanation. — It  is  sometimes  necessary  to  terminate 
a  molding  against  a  ball.  For  example,  a  half  ball  may  be 
placed  between  the  arms  of  a  miter  in  a  ceiling  panel;  or, 
again,  a  complete  ball  may  be  used  to  form  the  finish  at  the 
lower  extremities  of  a  gable  cornice.  When  the  details  for 
such  constructions  are  required,  the  draftsman  must  be  care- 
ful to  locate  the  center  of  the  ball  in  a  correct  position  with 
reference  to  the  lines  of  the  molding. 

Construction. — It  is  first  necessary  to  draw  a  profile  of 
the  required  molding,  correctly  placed  with  reference  to  the 
wall  line,  as  shown  at  (a),  Fig.  57.  From  its  several  edges 
and  interedges,  projectors  of  indefinite  length  are  drawn  to 
the  elevation,  as  shown  at  the  right.  The  center  of  the  ball 
may  next  be  conveniently  located  at  a  point  x  on  the  wall 
line.  From  the  point  jr,  a  line  of  indefinite  length  should 
be  drawn  through  the  elevation,  and  the  outline  of  the  ball 
described  in  that  view  from  a  center  conveniently  chosen 
at  x\ 

A  profile  of  the  molding  should  now  be  represented  in  the 
plan,  as  shown  at  (6).  The  point  x'  of  the  elevation  is  shown 
in  Fig.  57  projected  to  the  plan  at  x',  from  which  point  as  a 
center  the  outline  of  the  ball  is  next  to  be  described.  As  in 
the  elevation,  edge  and  interedge  lines  from  the  profile  at  {d) 
are  drawn  parallel  to  the  wall  line  and  produced  until  they 
intersect  the  outline  of  the  ball  in  the  plan.  The  fore- 
shortened view  of  the  miter  line  is  produced  in  the  eleva- 
tion by  projectors  carried  from  points  in  the  plan  at  the 
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intersection   of   the   edge  lines  there  shown.     These   pro- 
jectors are  extended  until  they  intersect  in  the  elevation  the 


horizontal  line  drawn  through  x'.  By  the  aid  of  the  com- 
passes, and  from  x'  as  a  center,  the  projectors  from  the  plan 
are  carried  from  points  at  their  intersection  with  x-x'  to 
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corresponding  edge  lines  of  the  elevation.  A  line  traced 
through  the  points  of  intersection  thus  determined,  as  shown 
from  C  to  D,  Fig.  57,  will  give  a  correct  elevation  of  the  miter. 

The  stretchout  itf  iV  is  developed  in  the  usual  way  from 
the  profile  at  (a),  and  the  pattern  is  completed  by  develop- 
ers drawn  from  the  several  points  of  intersection  in  C  D. 

Since  any  section  of  a  sphere  is  a  circle,  the  portions  of 
the  pattern  between  1  and  2  and  between  £  and  ^,  which 
represent  the  straight  lines  of  the  profile,  may  be  described 
by  the  compasses.  To  find  the  radius  r  with  which  to 
describe  that  portion  of  the  pattern  between  1  and  2,  the 
line  1-2  of  the  profile  is  extended  in  both  directions  until  it 
cuts  the  outline  of  the  ball  at  £  and  K  One-half  oi  E  F 
will  then  be  the  required  radius.  To  describe  this  arc  in  the 
pattern,  short  intersecting  arcs  are  described  from  1'  and  2' 
as  centers,  with  a  radius  r.  From  G,  the  point  of  inter- 
section of  these  arcs,  and  with  the  same  radius,  the  pattern 
outline  may  be  described  as  shown.  The  radius  s  is  found 
in  a  similar  manner  by  extending  2S  of  the  profile  until  it 
cuts  the  outline  of  the  ball  as  shown  in  Fig.  57. 


PROBLEM  18. 

27,     To  develop  the  patterns  for  a  miter  between  a 
mansard  hip  molding  and  a  deck  cornice. 

Explanation. — A  mansard  roof  is  usually  finished  at  the 
upper  edge,  where  it  joins  the  deck,  with  a  series  of  mold- 
ings commonly  termed  deck  cornices.  An  apron,  or  wide 
fascia,  inclined  at  the  angle  of  the  roof,  is  usually  added  to 
the  moldings  of  the  deck  cornice,  and  serves  as  a  finishing 
strip  for  the  shingles  or  slate  of  the  roof.  This  apron, 
instead  of  being  mitered  at  the  angles  of  the  roof,  is  generally 
carried  along  the  hip,  thus  forming  a  border  to  the  roof.  A 
roll  is  usually  formed  in  this  strip  at  the  angle  of  the  hip 
and  is  mitered  at  its  upper  end  with  certain  members  of  the 
deck  cornice.  In  order  to  facilitate  this  miter,  the  profile  of 
the  deck  cornice  usually  contains  a  quarter-round  member 
A    JL—40 
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that  receives  the  hip  mold.  It  will  be  seen  from  the  con- 
struction of  the  drawing  that  the  principles  involved  may 
be  applied  to  any  profile  whose  moldings  are  similarly  in- 
clined. 

In  the  drawings  shown  in  Fig.  58,  the  profile  for  the  bed 
molding  contains  a  quarter-round  member  whose  outline  is 
described  with  the  same  radius  used  to  describe  the  roll  of 
the  hip  molding. 

Construction. — In  Fig.  59,  the  line  A  B^  which  repre- 
sents the  pitch  of  the  roof,  is  taken  from  the  section  in 
Fig.  58,  and  may  be  assumed  to  represent  the  surface  of  the 
sheathing  boards  of  the  roof,  while  a  horizontal  line  A  C  \^ 
drawn  to  represent  the  lower  edge  of  the  roof.  A  plan  of 
the  hip  is  to  be  drawn  in  the  position  shown   by  the  right 
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Fig.  58. 

angle  D  A'  C  and  its  bisector  A'  B'.  A  sectional  view  on 
the  line  A'  B' — that  is,  through  the  hip  of  the  roof — may 
now  be  projected  at  right  angles  to  A'  B\  as  shown  on  the 
left  in  Fig.  59.  In  this  view.  A"  B"  represents  the  line  A  C 
of  the  elevation,  while  B'^  B'"  is  made  equal  to  B  C,  The 
line  A"  B'"  will  then  represent  the  true  edge  of  the  hip,  and 
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parallel  to  this  line  may  be  drawn  a  view  that  will  show  the 
true  lengths  of  the  edge  lines  in  the  hip  molding. 

Before  the  profile  of  the  hip  molding  can  be  drawn, 
however,  it  is  first  necessary  to  obtain  a  correct  view  of  a 
section  through  the  roof  at  right  angles  to  the  hip  line. 
To  obtain  this  view,  the  lineEF  is  drawn  perpendicular 
to  A'  B"\  as  shown  in  Fig.  59.     Through  F,  the  point  of 


Fig.  69. 

intersection  with  A" B\  H G  \s  drawn  parallel  to  A' B"\ 
while  the  distances  FG  and  7^// are  each  made  equal  to  the 
distance  FA".  The  lines  ii.//and  EG  will  then  define  the 
angle  G  E  H^  which  is  the  correct  angle  of  the  hip. 

The  profile  of  the  hip  molding  may  now  be  drawn 
in  Fig.  59  by  aid  of  the  profile  at  (rt),  Fig.  58.  In  this 
view,  the  radius  of  the  hip  roll  is  the  same  as  that  of  the 
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quarter-round  molding  in  the  profile  of  the  deck  cornice, 
while  the  width  of  the  fascias  correspond  with  that  member 
in  the  deck  molding.  Next,  from/,  the  center  of  the  profile 
of  the  hip  roll,  lines  are  to  be  drawn  at  right  angles  to  E  G 
and  E H^  cutting  the  circumference  of  the  hip  roll  at  .rand  y 
and  thus  defining  the  quarter  circles,  which  are  to  be  mi- 
tered  with  the  corresponding  members  of  the  deck  molding. 
That  portion  of  the  hip  roll  between  x  and  j,  as  will  be  seen 
from  Fig.  59,  projects  above  the  quarter  round  of  the  deck 
molding  and  miters  against  the  planceer. 


To  obtain  the  miter  for  the  portion  xy^  the  line  KL  is 
drawn  parallel  to  A"  B'  to  represent  the  horizontal  plane  of 
the  planceer.  A  series  of  edge  lines  may  then  be  drawn 
from  the  profile  parallel  to  A"  B'"  and  the  miter  obtained  by 
the  method  of  Problem  3. 

Before  the  miter  between  the  other  portion  of  the  hip 
molding  and  the  bed  molding  can  be  developed,  a  drawing 
must  be  constructed  to  show  the  true  lengths  of  the  edge 
lines  in  both  arms  of  the  miter,     The  elevation  shown  in 
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Fig.  58  gives  the  true  lengths  of  the  edge  lines  of  the  bed 
molding,  but  not  those  of  the  hip  molding,  for  the  reason 
that  the  surface  of  the  roof  is  inclined  in  that  view.  It  is 
obvious,  also,  that  the  angle  of  the  miter  there  shown  is  not 
the  true  angle. 

A  drawing  must  now  be  constructed  in  which  the  true 
lengths  of  the  edge  lines  of  both  arms  of  the  miter  will  be 
shown.  This  is  accomplished  by  drawing  the  horizontal 
line  A  B  in  Fig.  00  and  making  A  C  represent  the  pitch  of 
the  roof,  as  in  Fig.  58.  The  line  A  D\%  next  drawn  at  right 
angles  to  A  B.  The  distance  from  any  point  on  the  line  A  C, 
as  Cy  to  the  point  A  is  measured  and  an  equal  space  set  off 
on  A  D.  A  horizontal  line  of  indefinite  length  is  drawn 
through  Z>,  and  this  is  intersected  at  the  point  D'  with  a 
vertical  from  C,  The  line  A  U  is  next  drawn,  and  the 
angle  BAD'is  the  required  angle  of  the  miter.  The  true 
view  of  the  miter  may  now  be  represented  by  placing  the 
profiles  in  the  positions  shown  at  (a)  and  (d)  and^  drawing 
edge  and  interedge  lines  parallel  to  the  sides  of  the  angle,  as 
in  Fig.  60.  The  development  of  the  patterns  is  now  com- 
pleted by  processes  already  known  to  the  student.  Since 
the  work  is  fully  shown  in  Fig.  60,  further  description  is 
unnecessary. 

It  is  sometimes  desirable  to  finish  a  miter  of  this  sort  by 
a  corner  piece  of  suitable  outline.  This  may  be  added  as 
shown  in  the  illustration. 


PROBLEM   10. 

28,  To  develop  the  patterns  of  a  grore  piece  used 
to  effect  a  transition  between  a  sciuare  base  and  an 
octagfonal  shalt. 

Explanation. — When  a  shaft  that  is  octagonal  in  plan  is 
placed  on  a  square  base,  a  corner  piece  is  required  to  com- 
plete the  transition  between  the  two  solids.  This  wedge- 
shaped  transition  piece  is  in  the  form  of  a  gore  whose  inner 
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edge  is  equal  in  length  -to  the  oblique  side  of  the  octagon 
and  tapers  to  a  point  at  one  of  the  angles  of  the  square  base. 
The  gore  piece  is  sometimes  part  of  a  wash,  but  is  occasion- 
ally formed  in  the  molded  portions  of  the  design. 


Fig.  61. 

An  elevation  and  a  plan  of  the  lower  part  of  an  octagonal 
shaft  that  stands  on  a  square  base  is  shown  in  Fig.  GL  In 
this  case  the  transition  from  the  octagon  to  the  square  takes 
place  in  one  of  the  molded  members  of  the  profile. 

Construction. — The  half  plan  of  the  base  is  first  drawn. 
In  this  view,  the  half  square  and  the  half  octagon  must  be 
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drawn  in  the  correct  relation,  and  the  elevation  must  be 
projected  therefrom  in  accordance  with  the  desired  profile. 
From  the  angles  of  the  octagon  in  the  plan  at  A  and  i?, 
lines  drawn  to  the  adjacent  angle  C  of  the  square  base  will 
define  the  outline  of  the  gore  piece  in  that  view.  The  pro- 
file of  the  sides  may  be  taken  from  the  elevation,  but  it  will 
be  seen  that  the  profile  of  the  gore  piece  must  be  laid  off  by 
some  process  of  projection.  This  is  true  for  the  reason 
that  CDy  its  center  line,  is  much  longer  than  £  F^  the  line 
that  represents  the  width  of  the  corresponding  member  in 
the  profile.  To  project  this  profile,  the  curve  £'  F'  of  the 
elevation  is  divided  into  any  convenient  number  of  equal 
spaces  and  projectors  are  drawn  from  these  points  to  the 
plan.  These  projectors  are  extended  until  they  intersect 
the  miter  line  A  C;  from  this  line  they  are  continued  paral- 
lel to  A  B  past  their  intersections  with  B  C  and  produced  an 
indefinite  distance  beyond,  as  shown  in  Fig.  61.  Across 
these  projectors,  and  at  right  angles  thereto,  C  D'  is  then 
drawn.  On  each  of  the  lines  crossing  C  D\  the  height  of 
corresponding  positions  is  taken  from  the  elevation  and  set 
off  in  the  manner  shown.  The  irregular  curve  traced 
through  the  points  thus  obtained  is  the  required  profile  of 
the  gore  piece. 

To  develop  its  pattern,  a  stretchout  of  the  profile  just 
found  is  set  off  on  MN^  which  is  the  line  CD  produced,  as 
shown.  Developers  drawn  from  the  points  of  intersection 
on  A  C  and  B  C  to  corresponding  edge  lines  of  the  develop- 
ment will  complete  the  required  pattern. 

The  pattern  for  that  portion  of  the  molding  parallel  to  the 
sides  of  the  square  base  is  obtained  in  the  usual  manner  on 
a  stretchout  derived  from  the  profile  in  the  elevation  and 
laid  off  at  right  angles  to  the  outline  of  the  square. 

Should  it  be  desired  to  project  a  foreshortened  view  of 
the  miter  line  in  the  elevation,  projectors  may  be  carried 
to  that  view  from  the  points  of  intersection  on  B  C,  These 
projectors  are  then  intersected  with  horizontals  from  corre- 
sponding positions  on  the  profile  and  a  foreshortened  view 
of  the  miter  traced  between  the  points  thus  found. 
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PROBLEM  20. 

29.     To  develop  the  patterns  for  a  bay-window  soffit. 

Explanation. — The  under  surfaces  of  bay,  or  oriel,  win- 
dows are  sometimes  finished  by  a  series  of  tapering  moldings 
mitered  together  and  against  the  wall  of  the  building,  as 
shown  in  Fig.  62.  In  this  illustration,  a  plan  and  an  eleva- 
tion are  given;  here,  the  lines  resemble  a  half  view  of  an 
octagon.      The   octagonal    figure,    however,    is    somewhat 


I-IG.  62. 

irregular,  and  as  a  result  the  returns,  the  oblique  sides,  and 
the  front  have  different  projections  when  measured  in  the 
plan  on  lines  perpendicular  to  their  respective  edge  lines. 
The  profile  that  appears  in  the  elevation  and  constitutes  the 
principal  outline  of  the  design  is  that  of  the  returns.  The 
outline  of  the  oblique  sides  and  of  the  front  must  be  derived 
from  this  profile  by  regular  projection  methods. 

Construction. — Below  an  elevation  in  which  the  correct 
normal  profile  is  shown,  a  plan  must  be  drawn  on  the 
line  B  D.  This  view  must  represent  the  projection  from 
the  wall  and  show  the  widths  of  the  front,  the  oblique  sides, 
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and  the  returns.  Lines  drawn  from  the  vertices  of  the 
angles  thus  obtained  at  E  and  F  to  the  point  A  will  repre- 
sent, in  this  view,  the  miter  lines  between  the  different  pieces 
of  the  soffit.  Since  B'C  is  the  correct  profile  for  the  returns 
only,  it  is  necessary  to  construct  true  sectional  views  of  the 
oblique  side  and  the  front  before  a  stretchout  for  those  pieces 
can  be  obtained.  The  profile  B'C  is  therefore  divided  into 
any  convenient  number  of  equal  spaces,  and  from  the  edges 
and  interedges  thus  indicated,  projectors  are  drawn  to  the 
plan  until  they  intersect  the  miter  line  EA,  From  the  in- 
tersections of  these  projectors  with  the  miter  line  E  A^ 
other  projectors  parallel  to  E  F  are  drawn  to  the  miter 
line  A  F;  thence,  similar  projectors  are  drawn  parallel 
to  FH  until  they  intersect  the  center  line  of  the  plan.  The 
projectors  on  the  oblique  side  are  next  extended  until  they 
intersect  a  line  A  /f  drawn  at  right  angles  to  E  F. 

Sectional  views  on  the  lines  A  H  and  A  K  must  now  be 
constructed  as  shown  at  {a)  and  {b).  Fig.  62.  To  produce 
the  profiles  there  shown,  horizontal  projectors  of  indefinite 
length  are  first  drawn  from  the  several  interedges  on  B'C, 
In  two  convenient  positions,  perpendiculars  to  these  pro- 
jectors are  erected  as  shown  in  the  illustration.  The  per- 
pendicular distances  between  the  point  A  and  the  several 
edge  and  interedge  lines  of  the  plan  are  then  taken  in  the 
dividers  and  set  off  on  corresponding  horizontals  at  the  left 
of  the  elevation;  the  spaces  in  each  case,  of  course,  are  set 
off  from  the  perpendiculars  previously  drawn.  The  profile 
at  {a)  then  represents  the  distances  on  A  H,  and  the  profile 
at  {b),  the  distances  on  A  K.  If  desired,  the  profiles  of  the 
sections  may  be  traced  through  the  points  thus  determined. 

The  pattern  for  the  oblique  side  may  now  be  developed 
on  the  stretchout  M N,  from  the  profile  obtained  at(^),  as 
shown  in  Fig.  62.  The  pattern  for  the  front  of  the  soffit  is 
obtained  in  a  similar  manner  from  the  corresponding  profile 
at  {a),  on  a  stretchout  M'  N'  developed  along  the  center 
line  of  the  drawing.  The  pattern  for  the  return  portion  of 
the  soffit  is  developed,  of  course,  from  the  normal  profile,  on 
a  stretchout  laid  off  at  right  angles  to  the  edge  lines  on  the 
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plan.     The   pattern    is   that   of    an  ordinary   miter,    and, 
therefore,  is  not  shown  in  Fig.  62. 

In  many  cases  of  bay-window  construction,  the  details 
are  such  that  the  normal  profile  is  given  for  the  front  of  the 
bay  window.  This  is  especially  the  case  when  the  archi- 
tect's drawings  include  a  vertical  section  through  the  center 
line  of  the  elevation.  The  student  should  understand,  how- 
ever, that  in  such  cases  the  operations  are  performed  in  a 
reverse  order  from  that  given  in  this  problem. 


INVOIiVED  MITERS. 

30.  When  a  cornice  of  wide  projection  is  to  be  placed 
on  a  building  whose  walls  contain  both  exterior  and  interior 
angles,  it  is  frequently  found  that  the  several  miter  lines 
intersect  one  another  in  such  a  manner  as  to  puzzle  the 
novice  when  he  attempts  to  lay  out  the  patterns  for  the 
moldings.  When  the  miter  line  for  any  intersection  of 
moldings  is  interfered  with  or  crossed  by  the  miter  line  of 
another  intersection,  it  is  usual  to  develop  the  patterns  for 
those  members  nearest  the  wall  in  accordance  with  the 
regular  miter  line  and  to  define  a  new  miter  line  for  those 
members  of  the  molding  that  project  beyond  the  point  of 
intersection.  Miters  of  this  kind  are  termed,  by  cornice 
makers,  involved  miters. 

The  method  used  to  complete  the  preliminary  projection 
drawings  for  miters  of  this  nature  may  be  understood  by  an 
inspection  of  Fig.  63.  This  illustration  represents  a  partial 
view  of  a  plan  in  which  two  exterior  and  two  interior  angles 
are  shown  close  together.  The  wall  line  of  the  building  is 
represented  by  the  heavily  shaded  line  in  the  upper  portion 
of  the  figure.  The  exterior  angles  are  shown  at  jf.and  //, 
and  the  interior  angles  at  F  and  C.  The  profile  of  the 
molding  is  shown  in  its  proper  position  at  {a).  The  miter 
lines  are,  of  course,  defined  in  the  usual  manner  by  bisect- 
ing the  angles  of  the  wall.  It  is  found,  when  the  angle 
at  H  is  bisected,  that  the  miter  line  can  be  represented  in 
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the  usual  manner;  that  is,  it  may  be  produced  without 
meeting  any  other  miter  line  until  it  intersects  the  outer 
line  of  the  molding.  When  the  angles  at  F  and  G  are 
bisected,  however,  the  miter  lines  are  found  to  intersect  at 
a  pointy.  Since  this  is  obviously  some  distance  from  the 
outer  projection  of  the  molding,  some  means  must  be  found 
by  which  those  members  beyond  the  point  /  shall  be 
mitered.  In  this  case,  the  desired  result  will  be  attained  if 
the  wall  lines  E  F^,n6.  G  H  are  produced  to  their  intersec- 
tion at  the  point  X  and  the  angle  formed  at  X  bisected  in 


Fig.  63. 

the  usual  manner,  as  shown  by  X J  produced.  Further 
difficulty,  however,  is  here  encountered,  since  the  bisector 
of  the  angle  at  E  intersects  at  D  the  bisector  of  the  angle  X. 
The  remaining  miter  line,  in  this  case,  is  found  by  bisecting 
the  outer  angle  Cand  drawing  CD,  The  points /and/? 
must  next  be  projected  in  the  manner  shown  in  Fig.  63  to  the 
profile  at  (a),  where  the  positions  of  the  points  J'  and  U 
may  be  located  when  the  stretchout  is  developed.  The  pat- 
tern construction  for  the  remainder  of  the  development  is 
similar  to  that  already  described. 
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31.  Another  method  of  solving  involved  miters  is  some- 
times employed  when  a  cornice  of  wide  projection  is  mitered 
around  an  octagonal  bay  window.  A  situation  of  this  sort 
is  shown  in  Fig.  64,  where,  as  before,  the  wall  is  represented 
by  a  heavily  shaded  line.  The  construction  just  given  will 
result  in  the  miter  line  for  the  angle  at  F  being  carried 
to  D,  as  shown  by  the  dotted  lines  in  the  illustration,  where 
it  intersects  the  miter  line  from  the  angle  E.  Thence,  the 
miter  line  is. carried  to  -^  in  a  manner  similar  to  that  just 


Fig.  64. 

described.  To  avoid  a  crooked  appearance  in  the  miters, 
arbitrarily  drawn  miter  lines  may  be  indicated  between  FB 
and  E  B.  When  this  course  is  adopted,  the  draftsman  will 
be  compelled  to  obtain  a  profile  for  the  piece  E BFby  the 
raking  process  described  in  Problem  19.  Since  the  methods 
employed  to  obtain  the  raked  profile  may  not  be  clear  to  the 
student,  the  upper  portion  of  the  profile  at  (a)  is  shown  at  (If) 
changed,  or  raked,  to  accommodate  the  new  condition.  It 
will  be  noticed,  by  an  examination  of  the  drawing,  that 
points  are  located  at  convenient  distances  on  the  outline  of 
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the  profile;  projectors  perpendicular  to  the  wall  line  are 
drawn  from  these  points  and  terminate  between  1  and  2  of 
the  plan.  Projectors  from  the  profile  are  also  drawn  par- 
allel to  the  wall  until  they  intersect  the  miter  line  EB. 
The  line  EF\s  next  extended,  as  shown,  and  the  view  at  {b) 
is  projected  after  setting  off  the  points  between  1'  and  2'  in 
positions  similar  to  those  shown  in  the  plan.  At  the  dis- 
cretion of  the  draftsman,  the  entire  profile  may  be  raked  or 
the  portion  that  includes  the  moldings  may  be  allowed  ta 
miter  on  the  lines  F D^  E  Z>,  and  B  D,  as  in  the  case  referred 
to  in  Art.  30. 


DRAWrS^G  PLATE,  TITLE:    EXAMDfA- 
TION  PLATE  IT. 

32.  This  plate  is  to  be  drawn  by  the  student  on  paper 
the  same  size  as  that  used  for  the  preceding  plates  of  this 
Course.  The  drawings  on  this  plate  consist  of  the  details, 
drawn  to  a  3-inch  scale,  of  the  cornice  and  the  pediment 
molding,  together  with  certain  developments,  of  the  bay 
window  represented  on  the  drawing  plate  in  Architectural 
Proportion.  The  plate,  when  completed,  is  to  be  sent  for 
correction  in  the  usual  manner. 

Five  miter  patterns  are  to  be  developed  from  the  detail 
of  the  cornice  and  pediment : 

{a)  A  pattern  for  the  rake  molding  of  the  pediment. 

(b)  A  pattern  for  the  return  at  the  top  of  the  rake  mold- 
ing. 

(c)  A  pattern  for  the  square  miter  in  the  main  cornice. 
(^)  A  pattern  for  the  inside  miter  in  the  main  cornice. 

{c)  A  pattern  for  the  miter  of  the  cornice  against  the 
brick  wall. 

The  drawing  first  made  should  be  that  of  the  profile  of 
the  main  cornice,  since  that  is  the  view  on  which  the  other 
drawings  of  the  plate  depend.  This  profile  may  be  con- 
structed from  measurements  taken  from  the  drawing  plate 
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of  Architectural  Proportion^  and  when  constructed  to  the 
size  required  for  this  drawing  plate,  should  show  the  de- 
tails of  the  molding  very  accurately. 

The  descriptive  lettering  heretofore  placed  in  a  separate 
portion  of  the  drawing,  may,  in  this  case,  be  put  directly 
on  the  patterns,  as  shown  on  the  reduced  copy  of  this  plate. 
This  method  is  commonly  employed  by  cornice  draftsmen 
to  designate  on  the  details  the  different  patterns  developed. 

From  the  arrangement  of  views  given  on  the  reduced 
copy  of  the  drawing  plate  shown  here,  the  student  should 
be  enabled  to  construct  the  required  drawings  without 
further  directions.  This  plate  affords  an  example  of  the 
practical  application  of  the  problems  contained  in  this  sec- 
tion. Since  the  drawings  represented  are  those  commonly 
required  of  the  draftsman  in  a  cornice  shop,  the  practice 
thus  obtained  should  be  invaluable  to  the  student. 
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SKYLIGHTS. 


INTRODUCTION. 

1.  Situations  in  WWch  They  Are  Used. — The  condi- 
tions that  govern  the  construction  of  buildings  in  large 
cities  are  largely  responsible  for  the  great  demand  for  sky- 
lights. Entire  blocks  are  built  up  with  no  space  between  the 
buildings,  and,  in  such  cases,  some  means  must  be  found  to 
provide  air  and  light.  These  are  supplied  by  shafts  capped 
with  skylights.  The  greater  number  of  the  smaller  skylights 
are  used  for  this  purpose;  the  larger  ones  are  built  for  con- 
servatories, photographic  and  other  studios,  and  for  large 
public  buildings,  exhibition  rooms,  railroad  stations,  etc. 

2.  Forms  of  Bkyligrlits. — Skylights  are  variously  known 
as  single-pitchy  double-pitchy  g^ble^  hipped^  turret^  ceilings 
ventilating^  extension^  photographic^  and  conservatory,  ac- 
cording to  the  form  and  the  use  to  which  each  is  put. 
Conservatory  skylights  and  those  for  large  roofs  are  often 
built  with  curved  ribs.  The  constructions  shown  in  these 
problems  may  be  adapted  to  all  forms  of  metal  skylights. 
In  many  instances,  the  cornice  maker  will  encounter  con- 
ditions that  require  the  several  parts  to  have  profiles  differ- 
ent from  those  given.  These  must  be  designed  to  suit  the 
special  requirements  of  the  particular  case  in  hand,  but  the 
methods  of  development  will  not  differ  materially  from 
those  given  here. 

For  notice  of  the  copyright,  see  page  immediately  following  the  title  i>age. 
A     ll.—  'fl 
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3.  Character  of  Problems. — The  problems  involved  in 
skylight  work  are  those  of  mechanical  construction  rather 
than  of  miter  cutting.  So  far  as  the  miters  between  the 
several  bars,  curbs,  etc.  are  concerned,  the  principles  that 
govern  their  development  are  the  same  as  those  explained 
for  ordinary  moldings  in  previous  sections.  ,  The  miters  re- 
quired for  skylight  developments  are  principally  plain  square 
miters,  square  miters  between  moldings  of  different  profiles, 
and  miters  between  raking  and  horizontal  moldings.  The 
modifications  necessary  to  adapt  any  chosen  profile  to  its 
position  in  the  different  parts  of  a  skylight  structure,  how- 
ever, are  sometimes  other  than  those  produced  by  the 
raking  process,  thus  rendering  the  work  of  patterncutting 
somewhat  irregular. 

It  is  important  that  the  sheet-metal  worker  should  pay 
special  attention  to  the  modification  of  moldings  to  suit 
particular  cases,  and  it  is  with  the  object  of  affording  the 
student  an  opportunity  to  become  familiar  with  this  phase 
of  the  work  that  the  following  problems  have  been  pre- 
pared. 

4.  Invention  of  the  Metal  Skyllgrht  Bar. — Skylights 
with  bars  made  of  sheet  metal  were  first  used  in  the  year  1867. 
About  this  time  patents  were  granted  almost  simultaneously 
to  two  prominent  manufacturers  of  sheet-metal  work,  and 
their  respective  claims  were  the  cause  of  much  litigation. 
As  is  too  often  the  case,  however,  the  controversy  extended 
over  the  entire  time  covered  by  the  patent  grant;  in  fact, 
in  this  case,  the  matters  in  dispute  were  never  definitely 
decided,  proceedings  having  been  discontinued  at  the  expi- 
ration of  the  patents.  The  rival  claimants  issued  licenses 
to  manufacturers  to  make  these  bars,  and  the  use  of  metal 
skylights  soon  became  general  in  all  parts  of  the  country. 
The  manufacture  of  metal  skylights  was  at  first  confined  to 
those  firms  holding  licenses  from  the  patentees,  but  after 
the  expiration  of  the  patents,  most  firms  engaged  in  the 
manufacture  of  architectural  sheet-metal  work  devised  bars 
of  one  kind  or  another  for  use  in  skylight  construction. 
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CONSTRUCTION  OF  SKYLIGHTS. 

6.  The  principal  idea  in  skylight  construction  is  to  form 
a  rib,  or  bar,  by  bending  a  piece  of  sheet  metal  in  such  a 
manner  as  to  furnish  a  supporting  surface  for  the  glass  and 
to  make  a  gutter  to  carry  off  the  water  of  condensation. 
Another  object  is  to  bring  the  greatest  strain,  or  thrust, 
edgewise  against  the  metal,  thus  combining  the  greatest 
possible  strength  with  the  least  weight. 


i 


(a) 


(P) 


(c) 

Fig.  1. 


The  usual  forms  of  ribs,  or  rafters,  are  shown  at  (a),  (^), 
and  (^),  Fig.  1.  If,  on  account  of  increased  length  of  rib, 
greater  strength  is  required,  an  additional  thickness  of 
metal  is  added  to  the  central  portion  of  the  bar,  as  shown 
at  {c)  and  (rf).  Fig.  1.  The  strip  added  to  the  bar  may  be 
of  any  thickness  necessary.  After  the  glass  is  placed  in 
position,  a  cap  is  placed  over  the  projecting  rib,  or  web,  of 
the  bar  and  fastened  by  riveting,  as  shown  at  (^),  Fig.  1. 

6,  When  a  skylight  is  to  be  placed  on  a  level  or  nearly 
level  roof,  its  usual  shape  is  pyramidal,  but  it  is  sometimes 
formed  like  a  hipped  roof,  as  shown  in  the  plan  in  Fig.  2. 
The  ribs,  or  rafters,  are  thus  supported  at  the  top  against  a 
ridge  bar  and  at  the  bottom  on  a  curb,  or,  properly,  a  finish 
surmounting  the  curb,  so  designed  as  to  receive  the  bar  and 
to  form  a  gutter  of  sufficient  capacity  to  carry  off  all  the 
water  that  may  be  emptied  into  it  by  the  several  smaller 
gutters  of  the  bars.  If  desired,  the  ridge  may  be  extended 
to  reach  the  entire  length  of  the  skylight,  thus  doing  away 
with  the  end  slopes  and  forming  what  is  called  a  gable,  or 
double-pitch,  skylight.     The  gable  ends  are  sometimes  filled 
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with   vertical   plates   of  glass,    but    occasionally    they 
provided  with  side  ventilators  of  any  suitable  form. 

If  no  ventilators  are  required  at  the  peak  of  the  skylight, 
the  ridge  bar  is  constructed  in  the  same  general  manner  as 


03 


RidoeBor 


Fig.  2. 


the  common,  or  inclined,  bar,  but  reenforced  as  previously 
explained  and  as  shown  at  (c).  Fig.  1.  The  surface,  or 
shoulder,  for  receiving  the  glass,  however,  must  incline  to 
the  pitch  of  the  roof,  but  no  gutter  is  necessary.     Where 


Fig.  8. 

great  strength  is  required,  the  reenforcing  bar  is  some- 
times a  wrought-iron  bar  that  extends  far  enough  below  the 
sheet-iron  work  to  permit  of  the  attachment  of  a  truss  rod, 
as  shown  in  Fig.  3  (a).  The  ridge  bar  may  otherwise  be 
reenforced  by  a  strip  of  wood,  such  as  that  shown  in  Fig.  3  (^). 
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When  ventilation  is  required  at  the  top  of  the  skylight,  it 
may  be  provided  by  one  or  more  tubular  ventilators,  placed 
at  convenient  points  on  the  ridge,  or  by  a  ridge  ventilator, 
in  the  design  of  which  some  latitude  is  permissible. 

7.  A  plain  design  of  ridge  ventilator  is  shown  in  section 
and  in  elevation  in  the  upper  part  of  Fig.  4.  The  profile  of 
the  lower  members  of  the  ridge  ventilator  must  necessarily 
be.  the  same  as  that  of  the  ridge  bar,  but  the  upper  portion 
of  the  ventilator  may  be  designed  to  suit  the  fancy  of  the 


Fig.  4. 

builder.  An  additional  flange  is  sometimes  formed  in  the 
ridge  ventilator  or  added  as  a  separate  cap  to  the  ridge  bar, 
as  shown  at  x.  Figs.  3  and  4.  This  affords  a  protection 
against  the  possible  entrance  of  water,  and  is  so  placed  as 
to  come  just  above  the  top  of  the  cap  placed  over  the  com- 
mon bar. 

8.  When  the  width  of  the  side  of  the  skylight  is  greater 
than  the  length  of  the  plates  of  glass  used,  it  becomes 
necessary  to  have  between  the  plates  a  cross-bar  that  ex- 
tends from  rib  to  rib.  This  bar,  of  course,  requires  a  gutter 
only  on  its  upper  side. 
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Fig.  6. 


9.  Fig.  4  represents  a  complete  section  of  either  a 
hipped  or  a  gable  skylight,  and  shows  the  profiles  of  the 

curb  Cy  the  common  bar  d^  the  cross- 
bar a^  and  the  ventilator  e.     The  pro- 
"^  I  /    files     here    shown     may     be     adapted 

Lj  \Lj    arbitrarily   to    one    another,    but    the 

profile  of  a  hip  bar  must  be  derived 
by  the  raking  process  from  that  of  the 
common  bar  and  from  the  angle  of 
the  hip  as  shown  in  the  plan.  The  method  of  construction 
is  explained  in  Problem  4,  which  should  be  studied  carefully 
by  the  student.  In  the  case  of  the  gable  skylight,  the  bar 
that  forms  the  finish  at  either  end  has  a  profile  the  same  as 
one-half  that  of  the  common  bar.  It  also  has  at  the  top  an 
extension  of  metal  sufficient  to  cover  the  curb,  as  shown  in 
Fig.  5. 

10.  The  curb  that  forms  the  eave  of  the  skylight  may 
be  of  such  design  as  will  best  adapt  it  to  the  shape  and 
material  forming  the  base  that  it  surmounts.  Several  forms 
of  such  a  curb  are  shown  in  Fig.  6.  The  inclined  projecting 
flange  shown  at  d,  Fig.  4,  serves,  in  small  skylights,  as  a 
drip  to  prevent  water  from  running  down  the  side  of  the 


Fig,  6. 

base,  or  curb,  during  a  rain  storm.  In  Fig.  6  (b)  is  shown 
another  form  of  flange.  Immediately  below  this  flange,  in 
large  work,  may  be  placed  a  gutter  of  any  suitable  con- 
struction. The  outlet  of  this  gutter  is  a  small  conductor 
pipe  that  discharges  to  the  surface  of  the  main  roof.     The 
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gutter  is  especially  desirable  in  the  case  of  the  turret  sky- 
light. This  skylight  is  made  by  increasing  the  height  of 
the  curb,  which  is  pierced  either  by  louvre  boards  or  by  a 
swinging  sash. 

11,  Fig.  7  (a)  shows  a  vertical  section  of  a  louvre  finish 
for  a  turret  skylight.  Fig.  7  (i)  shows  an  opening  provided 
with  a  swinging  sash,  which  is  pivoted  at  the  sides  midway 
of  its  height  and  is  made  to  swing  outwards  at  the  bottom. 
The  swinging  sash  is  made  to  close  at  the  top  against  a 


Fig.  7. 

flange,  or  stop^  formed  either  by  a  fold  of  the  metal  or  by  a 
separate  piece  attached  to  the  outside  of  the  window  open- 
ing. This  flange  extends  down  on  each  side  of  the  opening 
nearly  to  the  pivots,  as  shown  at  c-c\  Fig.  7.  At  d,  Figs.  7 
and  8,  is  shown  an  apron  attached  to  the  bottom  and  lower 
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half  of  the  sides  of  the  swinging  sash.  This  apron,  when 
necessary,  is  made  to  reach  over  the  rebate  around  the  win- 
dow opening,  as  shown.  When  a  strictly  fireproof  construc- 
tion is  desired,  the  entire  sash  may  be  made  of  sheet  metal, 
a  suitable  horizontal  section  of  which  is  shown  in  Fig.  9. 


6/ass 


w 


Fig  «. 


Fig.  ». 


Since  the  miters  at  the  angles  of  the  sash  are  simple  square 
miters,  no  further  demonstration  of  them  need  be  given 
save  to  say  that  any  such  bars  as  those  shown  in  Fig.  1  (a) 
that  are  used  as  mullions  are  set  against  the  top  and  the 
bottom  rails  and  form  butt  miters,  but  no  miters  are  cut 
in  the  rails. 

When  a  practical  rather  than  a  pretentious  design  is 
desired,  the  sash  is  constructed  as  in  Fig.  9 ;  at  (a)  is  shown 
a  vertical,  and  at  {b)  a  horizontal,  section.  The  section 
at  {b)  shows  the  construction  below  the  pivot.  The  flange, 
or  apron,  c  is  omitted  above  the  swinging  point,  the  edge 
being  turned  in  between  the  sash  and  the  jamb,  as  shown  by 
the  dotted  lines. 
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PROBLEM   1. 

13.     To  develop  the  pattern  for  the  curb  of  a  hipped 
skyligrht. 

Explanation. — As  has  been  stated  in  the  introduction, 
the  hipped  skylight  is  one  that  has  an  equal  slope  on  all  of 

its  sides.  The  curb  for  such  a 
skylight  forms  a  continuous 
molding  that  passes  horizon- 
tally around  the  four  sides; 
consequently,  the  miters  at  the 
corners  of  the  curb  are  ordi- 
nary square  miters. 

As  trade  workers  well  know, 
the  lower  extremity  of  the  hip 
bar  joins  the  curb  directly  over 
the  square  miter  therein.  This 
fact  might  seem  to  the  novice 
to  complicate  the  construction, 
but  in  the  practice  of  the  work- 
shop, the  square  miter  of  the 
curb  is  cut  and  the  pieces  are 
fitted  together  without  any  at- 
tention being  paid  at  this  time 
to  the  miter  of  the  hip  bar.  The 
pattern  for  the  miter  at  the 
lower  extremity  of  the  hip  bar 
is  developed  in  a  later  problem. 
The  method  given  in  Prob- 
lem 1,  Development  of  Moldings^ 
as  a  short  process  for  develop- 
ing a  square  miter  should  be 
all  that  the  student  needs  to 
assist  him  in  this  problem. 
vSince  this  profile  is  of  peculiar 
construction,  we  shall,  how- 
ever, in  order  to  avoid  error  on 
the  part  of  the  student,  more 
Fio.  10.  fully  explain  the  development. 
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Construction. — A  profile  suitable  for  the  curb  of  a  hipped 
skylight  is  shown  in  Fig.  10.  Curbs  of  this  form  are  desir- 
able for  the  reason  that  the  skylight  may  be  erected  without 
having  the  wooden  sill  beveled.  The  draftsman  may,  how- 
ever, devise  many  other  profiles  that  will  accomplish  the 
same  result. 

Since  there  are  no  curved  portions  that  require  interedge 
lines,  the  several  edges  of  the  profile  may  be  numbered  con- 
secutively, as  shown  by  the  small  numerals  in  Fig.  10. 
This  numbering  may  begin  at  either  end  of  the  profile.  The 
stretchout  M N  is  next  developed  in  the  usual  manner  in 
the  correct  relative  position.  The  pattern  is  completed  by 
drawing  edge  lines  at  right  angles  to  the  stretchout,  and 
developers  between  the  profile  and  corresponding  edge  lines 
on  the  stretchout.  The  pattern  outline  is  defined  in  the 
usual-  manner  by  straight  lines  connecting  the  adjacent 
points  of  intersection.  Since  strength  is  an  important  fea- 
ture of  skylight  construction,  laps  for  riveting  should  be 
provided  at  every  available  edge. 


PROBLEM  8. 

13.  To  develop  tlie  patterns  for  tlie  miters  at  tlie 
top  and  tlie  l>ottoni  of  a  common  skylig^lit  bar. 

Explanation. — The  construction  drawing  necessary  for 
this  development  is  shown  in  Fig.  11.  In  this  illustration, 
(^7)  represents  a  profile  for  the  curb  ;  (h)  is  a  half  profile  for 
the  ridge.  The  profile,  or  cross-section,  of  the  skylight  bar 
is  shown  at  (c).  All  of  these  profiles  may,  of  course,  be 
modified  to  suit  the  requirements  of  any  desired  design. 

Construction. — It  is  first  necessary  to  draw  an  oblique 
line  ab  \.Q  represent  the  pitch  of  the  skylight.  A  center 
line  cd  for  the  profile  of  the  bar  is  next  drawn  at  right 
angles  to  ab.  Lines  parallel  to  ab  must  now  be  drawn 
from  the  several  angles  of  the  profile,  as  shown  in  Fig.  11. 
It  is  convenient,  in  this  case,  to  make  the  profiles  at  {a) 
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and  {d)  about  6  inches  apart ;  that  is,  to  represent  the 
line  ai  6  inches  long  When  constructing  the  profiles  at  (a) 
and  (*),  the  student  must  be  careful  to  see  that  the  rest  for 
the  glass  is  in  the  same  plane  as  the  rest  for  the  common 
bar.     The  upper  member  of  the  bar  at  the  end  nearest  the 


Fig.  11. 

curb  may  be  cut  off  either  at  right  angles  to  the  oblique 
roof  line  or  vertically,  as  desired.  It  is  usually  considered 
desirable  to  cut  the  profile  of  this  member  at  right  angles 
to  the  roof  line,  since  the  pattern  is  thus  made  somewhat 
more  simple  and  requires  less  trimming. 
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The  several  edges  of  the  profile  at  (c),  beginning  at  the 
upper  edge,  may  be  designated  by  numerals,  as  in  Fig.  11. 
The  stretchout  A/N  is  next  developed  in  the  usual  manner, 
and  the  pattern  is  completed  by  developers  drawn  from  the 
extremities  of  the  edge  lines. 

A  point  that  should  not  be  overlooked  is  that  the  mem- 
ber 5-6^  which  is  the  gutter  side  of  the  bar,  should  be  cut 
away  at  any  convenient  distance  from  the  end,  as  at  jr,  to 
permit  of  the  free  discharge  of  the  water  into  the  larger 
gutter  of  the  curb.  Edges  for  riveting  may  be  allowed  at 
available  points. 

Since  this  bar  must  be  made  from  one  piece  of  metal,  its 
correct  length  should  be  obtained  from  a  full-size  working 
drawing  or  from  a  carefully  made  scale  or  detail.  It  is 
usual  to  provide,  on  convenient  edges  of  the  pattern,  laps 
for  riveting. 


PROBLEM  8« 

14.  To  develop  tlie  patterns  for  a  irdter  betiveen 
tlie  curb  and  the  end  bar  of  a  arable  skylig^lit. 

Explanation. — The  smaller  sizes  of  gable  skylights  are 
frequently  constructed  with  their  gable  ends  of  sheet  metal. 
Skylights  made  in  this  manner  may  be  erected  on  wooden 
bases  whose  tops  are  level.  When  the  skylight  is  a  large 
one,  however — say  8  feet  by  10  feet — the  wooden  base  on 
which  the  skylight  rests  is  continued  into  the  gable,  and  a 
side  bar  like  that  shown  at  (a),  in  Fig.  12,  is  used  to  form 
the  finish  at  the  sides.  The  drawings  for  this  problem 
illustrate  the  construction  for  the  wooden  gable  end  only. 
The  manner  in  which  the  metallic  gable  end  is  formed  and 
the  patterns  for  it  are  developed  will  be  understood  from 
the  illustration. 

Construction. — A  plan  and  an  elevation  in  which  the 
profiles  of  the  curb  and  of  the  side  bar  are  shown  must  first 
be  drawn  as  in  Fig.  12.     The  drawing  must  show,  of  course, 
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the  correct  angle  of  inclination,  and  the  profiles  must  ap- 
pear in  the  relative  positions  shown.  The  profiles  at  (a) 
and  (c)  represent,  respectively,  the  side  bar  in  the  eleva- 
tion and  in  the  plan,  while  the  profile  at  (i)  shows  the  form 
of  the  curb.  It  will  be  seen  that  the  pattern  for  the  side 
bar  may  be  developed  from  the  elevation  and  that  for  the 
curb  from  the  plan. 


Fig.  12. 

The  pattern  for  the  side  bar  is  laid  off  in  Fig.  12  on  a 
stretchout  A/iV  developed  from  the  profile  at  (a).  The 
several  edges  of  the  profile  are  indicated  in  the  illustration 
by  lower-case  letters,  and  since  corresponding  positions  on 
the  stretchout  are  designated  by  similar  letters,  the  student 
should  have  no  difficulty  in  following  the  construction. 

The  portion  ffc  oi  the  profile  (^7) — which  is  called  the  roof 
strip — must,  in  the  pattern,  be  extended  sufficiently  to  close 
up  the  opening  in  the  end  of  the  side  bar;  that  is,  it  should 
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reach  down  to  the  point  3  of  the  profile  {b)  so  as  to  close 
over  the  laps  left  on  the  adjacent  surfaces  ab  and  c  d. 

The  method  of  obtaining  the  pattern  for  the  miter  at  the 
upper  end  of  the  side  bar  is  so  nearly  like  the  correspond- 
ing miter  in  the  common  bar  of  the  preceding  problem  that 
no  description  of  the  process  need  be  given. 

The  pattern  for  the  end  of  the  curb  must  be  developed 
from  the  plan.  It  is  necessary,  therefore,  that  the  line  of 
intersection  between  the  side  bar  and  the  curb  should  be 
carefully  projected  in  this  view.  The  several  edges  of  the 
curb  are  designated  on  the  profile  {b)  in  Fig.  12  by  nu- 
merals, and  the  student  should  have  no  difficulty  in  develop- 
ing the  stretchout  M'  N\  which  is  drawn  at  right  angles  to 
the  lines  of  the  curb  in  the  plan.  It  will  be  noticed  that  the 
surfaces  of  the  curb  from  edges  1  \.o  8  and  from  edges  9  to  13 
finish  squarely  on  the  line  that  represents  the  outer  sur- 
face of  the  side  curb  and  that  the  portions  on  the  profile 
from  3  to  9  terminate  squarely  against  the  inner  surface 
of  the  side  curb.  It  may  be  desirable,  however,  to  miter 
that  portion  of  the  profile  between  3  and  x  with  the  sur- 
faces de  and  efoi  the  side  curb.  In  such  a  case,  the  miter 
would  be  drawn  as  shown  by  the  dotted  lines  in  the  pat- 
tern Ar  N', 


PROBLEM  4. 

15,  To  develop  the  patterns  for  the  miters  at  the 
top  and  the  hottom  of  a  hip  bar. 

Explanation. — The  general  principle  involved  in  this 
problem  is  the  same  as  that  given  in  the  preceding  section 
in  a  problem  that  treats  of  the  raking  of  a  pediment  cornice 
from  an  octagon  return.  In  the  present  case,  however,  the 
operation  is  only  partially  carried  out.  As  remarked  in  the 
introduction,  the  profile  of  the  ridge  bar,  or  finish,  is  adapted 
arbitrarily  to  that  of  the  common  bar.  The  principal  re- 
quirement of  the  ridge  bar  or  of  the  ventilator,  as  the  case 
may  be,  is  that  the  surface,  or  shoulder,  on  which  the  glass 
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rests  must  be  in  the  same  plane  as  the  corresponding  sur- 
face of  the  common  bar.  Its  angle  of  inclination  must 
therefore  be  the  same  as  the  pitch  of  the  roof  or  of  the  sur- 
face of  the  glass,  as  shown  in  the  transverse  section  in 
Fig.  13.  Its  lateral  projection  may  or  may  not  be  the  same 
as  that  of  one-half  of  the  common  bar,  and  since  there  is  no 
gutter  required  on  the  ridge  bar,  it  may,  if  deemed  advan- 
tageous, be  extended  down  below  the  line  drawn  from  the 
lowest  point  of  the  profile  {a)  of  the  common  ridge  bar. 

As  in  the  case  of  the  ridge  bar,  the  glass  shoulder  of  each 
side  of  the  hip  Ijar  must  lie  in  the  same  plane  with  the  glass 
shoulders  of  the  adjacent  common  and  ridge  bars.  On 
account  of  the  oblique  position  of  the  hip  bar,  it  is  apparent 
that  the  glass  shoulder  will  not  be  at  right  angles  to  the 
vertical  surface  of  the  central  web.  The  method  of  deter- 
mining the  correct  angle  between  the  surfaces  that  compose 
the  glass  shoulder  is  somewhat  like  that  used  to  determine 
the  angle  of  the  hip  roll  in  Problem  18,  Development  of 
Moldings^  since  similar  principles  are  involved  in  both  cases. 

Construction. — As  in  Problem  2,  the  drawings  first 
made  are  those  in  which  the  plan  and  the  transverse  section 
may  be  shown,  as  in  Fig.  13.  When  the  plan  is  projected, 
the  width  of  the  end  slope  must  be  the  same  as  that  of  the 
center.  This  drawing  must  show,  also,  the  profile  of  the 
curb  and  the  profile  of  a  common  bar.  The  profile  at  {b)  in 
the  plan  may,  for  the  present,  be  represented  the  same  as 
that  of  the  common  bar  in  the  elevation,  since  the  lateral 
width  of  both  the  hip  and  the  common  bar  must  be  the  same. 
For  convenience  of  reference,  the  profiles  at  (a)  and  {b) 
should  be  designated  by  similar  figures  at  the  corresponding 
edges.  It  will  be  advantageous,  also,  if  the  intersections  of 
the  edge  lines  from  the  profile  at  {a)  are  indicated  at  (r)  by 
similar  numerals.  Projectors  from  the  several  edges  of  the 
profile  at  {b)  should  also  be  drawn  indefinitely  in  either 
direction  parallel  to  the  center  line  D  E  oi  the  hip.  These 
projectors  are  next  intersected  by  vertical  lines  from  points 
of  corresponding  number  on  the  profiles  at  (c)  and  {d).  In 
this  manner  the  foreshortened  views  of  the  miters  at  the 
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top  and  the  bottom  of  the  hip  bar  are  represented  in  the 
plan.  It  should  be  noted,  however,  that  the  vertical  lines 
last  drawn  must  intersect  only  those  lines  in  that  half  of 
the  hip  bar  adjacent  to  the  transverse  section ;  the  plan  of 
the  other  half  of  the  miters  may  be  shown,  if  desired,  by 
transferring   with   the   dividers  on  D  £  sls  a,   center  line. 


Fig.  18. 

Before  the  patterns  for  the  miters  can  be  developed,  it  is 
necessary  to  construct  a  diagonal  elevation  of  the  hip  bar. 
This  is  necessary  for  the  reason  that  only  in  such  a  view 
can  the  true  lengths  of  the  edge  lines  be  shown. 

Since  the  pitch  of  the  hip  bar  depends  on  two  dimensions, 
which,  in  the  language  of  the  skylight  maker,  are  termed, 
respectively,    the    '*rise"  and    the    **run,"  these  distances 
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must  be  determined  carefully  and  represented  in  the  diag- 
onal elevation  next  to  be  drawn.  To  accomplish  this  result, 
we  may  assume  any  line  of  the  transverse  sectior\ — in  this 
case  the  line  of  the  glass  shoulder  2-2 — and  from  its  lower 
extremity  draw  the  horizontal  line  2-B^  as  shown  in  Fig.  13. 
The  points  2  have  already  been  projected  to  the  plan  from 
the  profiles  at  {c)  and  (^/),  as  shown  at  D  and  E,  Fig.  13.  An 
inspection  of  the  illustration  will  now  show  that  D  E  '\x\  the 
plan  is  the  run  of  the  hip  bar  and  that  the  vertical  3-2  of 
the  transverse  section  is  its  rise.  The  diagonal  elevation 
may  now  be  constructed  by  projectors  from  the  plan  drawn 
at  right  angles  to  D  E.  In  this  view  the  line  U  E'  is  made 
equal  in  length  to  D  E  oi  the  plan.  On  E  E'  produced,  the 
rise  B-2  is  set  off  at  E'  C  and  the  line  U  C  is  next  drawn. 
The  line  D  C  represents  the  true  length  and  pitch  of  the 
glass  line  of  the  hip  bar;  that  is,  it  represents  a  position  on 
the  hip  bar  that  corresponds  to  the  edge  2  of  the  profile 
at  (a).  It  is  usually  considered  advisable,  in  practical  work, 
to  draw  the  profiles  of  the  different  skylight  sections  in 
their  full  size  and  to  determine  the  correct  angles  for  the 
rise  and  run  by  means  of  a  reduced  scale  drawing.  When 
this  method  is  followed,  the  distance  U  C  may  be  meas- 
ured by  the  same  scale. 

Since  the  several  points  in  the  upper  miter  of  the  hip  bar 
must  appear  in  the  diagonal  elevation  at  the  same  relative 
heights  as  corresponding  points  of  the  common  bar  in  the 
transverse  section,  these  distances  may  be  transferred  from 
the  transverse  section  to  the  diagonal  elevation  by  means  of 
the  dividers.  It  is  first  necessary,  however,  to  draw  a  ver- 
tical line,  as  F G^  conveniently  near  the  profile  at  (^),  as 
shown  in  Fig.  13.  From  the  several  edges  of  the  profile 
at  (^),  horizontal  lines  are  next  drawn  to  the  vertical  F  G. 
Now,  F'  G'  is  drawn,  as  shown  in  Fig.  13,  parallel  to 
E'  C\  and  from  C  a  line  parallel  to  H  E'  is  drawn  to  P  G\ 
The  distances  on  F  G  may  now  be  transferred  from  the 
transverse  section  to  F'  G'  of  the  diagonal  elevation.  From 
the  several  points  thus  located  on  F'  G\  lines  of  indefinite 
length    are    drawn    parallel    to    D'   E'.     Next,    the    several 
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points  in  the  plan  of  the  upper  miter  at  E  are  projected  par- 
allel to  E  E'  until  they  intersect  corresponding  lines 
from  F'  G\  The  correct  elevation  of  the  upper  miter  may 
then  be  drawn  by  lines  that  join  the  adjacent  intersected 
points,  as  shown.  Lines  from  these  points  of  intersection 
may  now  be  drawn  parallel  to  C  U  and  intersected  by  pro- 
jectors from  the  lower  miter  of  the  hip  bar  in  the  plan, 
thus  completing  the  correct  elevation  of  the  lower  miter  of 
the  hip  bar. 

It  is  next  necessary  to  determine  the  profile  of  the  hip  bar 
at  (/).  This  is  accomplished  by  drawing  the  profile  of  the 
common  bar  in  the  position  shown  at  (r)  and  intersecting 
the  edge  lines  of  the  diagonal  elevation  by  projectors  drawn 
from  corresponding  edges  of  the  profile  at  {e). 

The  pattern  may  now  be  developed  on  the  stretchout  ^/ A' 
from  the  profile  at  (/).  It  will  be  seen  from  Fig.  13  that 
developers  are  drawn  from  the  several  points  in  the  upper 
and  the  lower  miters  to  the  edge  lines  in  the  pattern  in  the 
usual  manner.  Laps  for  riveting  edges  may  be  provided 
where  required. 


PROBLEM  6. 

16.  To  develop  the  patterns  for  a  miter  at  the 
upper  end  of  a  hip  bar  for  a  skyllgfht  sciuare  In  plan. 

Explanation. — Hipped  skylights  are  frequently  made 
square  in  plan,  in  which  case,  when  no  ventilator  is  used, 
the  four  hip  bars  meet  at  the  apex  of  the  pyramid.  The 
miter  required  at  the  top  of  the  hip  bar  can  best  be  obtained 
by  first  constructing  a  diagonal  elevation  as  in  the  previous 
problem. 

Construction. — After  the  diagonal  elevation  just  referred 
to  has  been  constructed  and  the  profile  of  the  hip  bar  has 
been  determined,  the  profile  should  be  drawn  in  the  position 
shown  at  {a).  Fig.  14.  Another  profile  of  similar  form  is 
then  drawn  in  a  vertical  position,  as  shown  at  (b).  Edge 
lines  at  the  angle  of  the  hip  are  now  drawn  from  the  profile 
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at  (a)  and  produced  indefinitely  toward  the  upper  side  of 
the  drawing.  These  edge  lines  are  intersected,  as  shown 
at  (c),  by  projectors  drawn  from  corresponding  edges  of  the 
profile  at  (d).  The  foreshortened  view  of  the  miter  at  the 
upper  extremity  of  the  hip  bar  may  then  be  traced  through 
the  intersections  at  (c). 


Fig.  14. 

As  in  the  preceding  problem,  the  pattern  is  developed  on 
the  stretchout  MiV — which  is  laid  off  from  the  profile  at  (a) — 
by  developers  drawn  from  corresponding  edges  in  the  fore- 
shortened view  of  the  miter.  The  pattern  for  the  lower 
miter  is,  of  course,  developed  by  the  process  given  in  the 
preceding  problem, 
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PROBLEM  6. 

17.  To  develop  the  patterns  for  the  miter  at  the 
upi)er  extremity  of  a  Jack-bar. 

Explanation. — The  hip  bars  of  skylights  arc  usually  of 
such  length  as  to  require  more  than  single  panes  of  glass  on 
the  adjacent  sides.  When  such  is  the  case,  what  are  known 
as  jack-bars,  or  cripples,  must  be  used,  and  it  is  necessary  to 
develop  patterns  for  the  miters  at  the  upper  extremities. 

Construction. — A  plan  and  an  elevation  showing  the  hip 
and  the  jack-bar  in  their  correct  relative  positions  must 

first  be  drawn  as  in 
Fig.  15.  It  is  not 
necessary  that  either 
the  curb  or  the  ridge 
should  be  shown  in 
these  views,  provided 
that  the  pitch  of  the 
jack-bar  is  correctly 
represented  with  re- 
gard to  any  horizon- 
tal or  vertical  lines 
that  may  appear  on 
the  drawing.  The  in- 
tersection of  the  two 
bars  is  first  repre- 
sented in  the  plan, 
as  shown  in  Fig.  15. 
The  jack-bar  is  repre- 
sented in  this  view  by 
horizontal  lines  and 
the  hip  bar  by  lines 
drawn  at  an  angle  of 
45°  with  the  horizon- 
tal lines.  With  the 
jack-bar  in  this  posi- 
^'^-  ^^-  tion  in  the  plan,  it  is 

possible  to  show  its  lineS  in  their  true  lengths  in  the  elevation. 
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When  the  elevation  is  drawn,  the  correct  pitch  of  the  sky- 
light must  be  represented  by  the  oblique  lines  therein. 
The  common  bar  is  next  drawn  in  the  elevation  on  a  center 
line  perpendicular  to  the  oblique  lines  of  the  skylight,  as 
shown  at  (a),  A  duplicate  of  this  profile  is  then  drawn  in 
the  plan  at  (b).  Since  the  profile  of  the  hip  bar  has  already 
been  determined  by  the  projectors  of  the  preceding  problem, 
it  is  known  that  the  several  members  of  the  two  profiles  will 
form  a  perfect  miter  on  the  two  miter  lines  that  meet  at  the 
point  A  of  the  plan. 

The  lower  end  of  the  hip  bar  is  represented  in  plan  in 
Fig.  15  as  being  cut  off  by  a  vertical  plane,  and  a  fore- 
shortened view  of  the  section  has  been  projected  to  the 
elevation.  This  feature  is  of  no  importance  so  far  as  the 
development  of  the  miters  is  concerned,  but  is  drawn  in 
Fig.  15  to  aid  the  student  to  understand  the  drawing.  The 
illustration  also  shows  that  the  surfaces  of  the  glass  shoulder 
and  of  the  gutter  of  the  hip  bar  are  in  the  same  planes  as 
corresponding  portions  of  the  common  and  of  the  jack-bar. 

Before  the  miter  patterns  can  be  developed,  the  fore- 
shortened view  of  the  miter  must  be  projected  to  the  eleva- 
tion from  the  plan.  To  avoid  confusion,  the  several  edges 
of  the  profiles  at  {a)  and  {I?)  may  be  designated  by  corre- 
sponding numerals,  as  in  preceding  problems.  From  the 
profile  at  (*),  horizontal  projectors  are  drawn  in  the  plan  to 
intersecting  lines  from  corresponding  edges  of  the  hip  bar. 
Projectors  are  next  drawn  from  the  points  thus  obtained  on 
the  miter  line  in  the  plan  to  the  elevation,  where  they  are 
intersected  by  oblique  lines  drawn  from  the  profile  at  {a). 
The  foreshortened  view  of  the  miter  line  may  next  be  de- 
fined in  the  elevation  by  lines  connecting  the  adjacent  points 
of  intersection,  as  shown  in  Fig.  15. 

To  develop  the  pattern,  the  stretchout  MN  is  set  off  at 
right  angles  to  the  oblique  lines  of  the  elevation.  The 
positions  of  points  on  the  stretchout  are  determined,  of 
course,  from  the  profile  at  {a).  The  pattern  is  completed 
by  edge  lines  and  developers  drawn  in  the  usual  manner,  as 
shown  in  Fig.  15. 
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Since  the  cutting  of  the  miter  in  the  hip  bar  would  tend 
to  weaken  the  framework  of  the  skylight,  the  miter  on  the 
jack-bar  should  be  cut  with  a  view  of  making  a  butt  joint 
of  the  jack-bar  against  the  hip.  It  will  be  seen  from  Fig.  15 
that  those  portions  of  the  pattern  between  the  edge  lines 
drawn  through  points  2  and  S  in  each  half  of  the  pattern 
would,  if  no  miter  were  cut  on  the  hip  bar,  add  an  extra 
thickness  of  metal  in  certain  positions  where  it  is  not  desir- 
able, and  would  produce  an  uneven  surface  in  the  glass 
shoulder.  It  is  therefore  desirable  to  erect  a  line  from 
point  X  of  the  plan  to  line  2  of  the  elevation  and  to  define 
this  position  in  the  pattern,  as  shown  at  points  x  and  x'.  A 
line  drawn  from  these  points  to  edge  lines  5,  as  shown  by 
the  dotted  lines  in  the  development,  may  be  used  for  the 
outline  of  the  pattern  in  preference  to  the  solid  line  shown 
in  Fig.  15.  The  bottom  of  the  gutter  may  be  treated  sim- 
ilarly, if  desired,  by  a  line  from  point  y  of  the  plan  carried 
to  lines  Ji.  of  the  pattern.  This  variation  of  the  pattern  out- 
line is  also  shown  by  dotted  lines  in  the  development  of 
Fig.  15.  Attention  to  the  minor  matters,  however,  may, 
perhaps,  be  given  more  satisfactorily  by  trimming  the  pat- 
tern at  a  trial  fitting  when  the  work  is  put  together. 


PROBLEM  7. 

18,     To  develop  the  pattern  for  a  cross-bar. 

Explanation. — When  the  bars  of  a  skylight  are  too  long 
to  permit  of  the  glass  being  set  in  a  single  length  from  the 
curb  to  the  ridge,  it  becomes  necessary  to  provide  some 
kind  of  a  finish,  or  cross-bar,  between  the  upper  and  lower 
sheets  of  glass.  This  cross-bar,  or  clip,  as  it  is  sometimes 
called,  may  be  of  any  form  that  permits  of  a  water-tight 
connection  being  made  between  the  two  sheets  of  glass. 
It  should  have,  of  course,  a  gutter  on  the  side  nearest  the 
upper  glass,  and  an  apron  of  sufficient  width  should  be 
provided  to  cover  the  upper  end  of  the  lower  sheet.     The 
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profile  shown  at  (a).  Fig.  IG,  represents  a  practicable  profile 
for  a  cross-bar.  It  will  be  seen  from  the  illustration  that 
the  lower  portion  of  the  cross-bar  is  similar  in  form  to  one- 
half  of  the  common  bar  shown  at  (d).  The  miter  between 
the  cross-bar  and  the  common  bar  is,  when  such  a  profile  is 
used,  a  simple  square  miter,  although  the  conditions  of  sky- 
light construction  are  such  as  to  make  the  miter  a  somewhat 
irregular  one.  Since  the  cross- 
bar consists  of  only  a  single 
thickness  of  metal,  and  since 
no  miter  can  be  cut  on  the  side 
of  the  common  bar,  the  joint 
must  be  constructed  as  a  butt 
miter. 


Construction. —  Fig.  16 
shows  at  {d)  a  sectional  view  of 
the  common  bar;  an  elevation 
of  the  cross-bar  is  shown  at  (a). 
This  drawing  is  made  in  a  plane 
at  right  angles  to  the  pitch  of 
the  glass,  and  in  this  respect 
differs  from  the  vertical-plane 
views  that  have  been  used  to  illustrate  the  preceding  prob- 
lems. To  avoid  confusion,  the  several  edges  of  the  profile 
at  (a)  may  be  indicated  by  numerals,  as  shown  in  the  illus- 
tration. From  each  of  the  edges,  horizontal  projectors  are 
next  drawn  to  their  intersections  with  the  profile  of  the 
common  bar  at  {d).  The  stretchout  AfN  is  now  developed 
in  the  usual  manner  from  the  profile  at  (^),  and  edge  lines 
and  developers  are  drawn  to  define  the  pattern  outline. 

Since  the  gutter  of  the  cross-bar  must  have  an  outlet  into 
the  gutter  of  the  common  bar,  an  allowance  must  be  made 
for  this  in  the  pattern.  This  is  represented  in  Fig.  16  by  the 
horizontal  projector  from  the  point  7  of  profile  {a) ;  this  hori- 
zontal projector  is  carried  back  until  it  cuts  the  side  >4-^  at 
the  point  x.  The  point  x  is  next  located  in  its  corresponding 
position  on  the  stretchout,  and  a  developer  is  drawn  from 
point  7  of  the  profile  at  {d)  to  the  edge  line  from  x  in  the 
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development.  This  is  shown  in  Fig.  10  at  the  point  a'\ 
The  pattern  outline  may  then  be  cut  in  the  manner  indicated 
by  the  short  arc  from  the  point  x'  in  the  development. 


PROBLEM    8. 

1 9,     To  develop  the  patterns  for  a  ritlp^e  ventilator. 

Explanation. — The  particular  design  of  ventilator  to  be 
used  on  the  ridge  of  a  hipped  skylight  is  largely  a  matter 
that  must  be  left  to  the  discretion  of  the  builder.  The 
design  shown  in  Fig.  4  is  one  that  has  been  used  very  exten- 
sively. The  air  capacity  of  this  ventilator  can  be  increased 
by  having  more  perforations  than  shown  in  the  side  elevation. 


Fig.  17. 

Another  design  for  a  ventilator  is  shown  in  Fig.  17. 
Though  severely  plain  in  design,  this  ventilator  serves  its 
purpose  ^'ell  and  meets  with  general  approval.  The  hood, 
or  cap,  is  made  separate  from  the  body,  or  neck,  and  is 
supported  on  brackets  of  band  iron,  as  shown,  the  space 
between  the  parts  being  from  2^  to  3  inches.  The  neck  is  also 
provided  with  a  damper  pivoted  at  the  center;  the  damper 
is  operated  by  means  of  cords.  On  that  portion  of  the 
ventilator  against  which  the  bars  are  mitered,  an  additional 
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flange  is  shown  just  above  the  glass.  This  is  a  feature  not 
shown  in  Fig.  4,  but  is  equally  applicable  to  the  design 
there  shown. 

Construction. — The  developments  needed  for  this  ven- 
tilator are  not  illustrated,  since  they  are  common  square 
miters  similar  to  those  already  explained.  The  student 
should,  however,  avail  himself  of  the  practice  obtained  by 
making  developments  from  projection  drawings  of  this  and 
other  ventilators.  It  will  be  seen  from  Fig.  17  that  the 
miters  at  the  tops  of  skylight  bars  that  fit  against  this  ven- 
tilator will  be  ordinary  butt  miters — the  same  as  those  made 
for  the  bars  that  finish  against  a  ridge  bar.  The  develop- 
ment of  the  patterns  for  the  hip  bar,  when  such  a  ventilator 
as  that  shown  in  Fig.  17  is  used,  affords  an  interesting 
problem  for  the  student  that  desires  to  work  out  complicated 
situations. 


DRAWING  PLATE,  TITLE:  EXAMIKATIOI^ 
PLATE  V. 

30,  The  final  Examination  Plate  to  be  drawn  by  the 
student  in  this  Course  consists  of  the  developments,  drawn 
to  any  convenient  scale,  of  the  patterns  for  the  miters  at  the 
upper  and  the  lower  extremities  of  a  hip  bar,  of  a  jack-bar, 
and  of  a  common  bar.  No  copy  of  the  drawing  plate  is 
given  in  this  section;  the  student  is  expected  to  construct 
the  necessary  projection  drawings  and  develop  the  patterns 
therefrom  aided  only  by  the  instruction  he  has  already 
received. 

The  profile  of  the  bar  to  be  used  for  these  drawings  may 
be  selected  at  the  pleasure  of  the  student.  The  inclination 
of  the  skylight  is  also  a  matter  of  choice.  As  in  previous 
drawings  made  by  the  students  in  this  Course,  all  con- 
struction lines  for  the  development  of  the  several  patterns 
should  be  left  on  the  plate.  The  drawing  plate  should  be  of 
the  same  size  as  those  heretofore  used,  and  should  be  sent 
in  for  correction  in  the  usual  manner. 

X.    Li  Br  .V^r^v. 
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found  on  page  64  of  section  20. 


A.  Sec.  Page. 

Abacus 20  19 

Abutments 20  70 

Accuracy,  Importance  of 15  45 

"          Importance  of 16  28 

Accurate  developments 16  4 

Allowances  in  patterns 17  5 

Alphabet,  Block-letter 20  88 

"         French  Roman 20  85 

Angular  bends 17  6 

Approximate  developments...  16  6,63 
Arc  method  of  secondary  pro- 
jectors   15  41 

Arch 20  70 

Elliptical 20  78 

Five-centered 20  72 

Flat 20  76 

Gothic 20  18,74 

Horseshoe 20  75 

Moorish 20  75 

Names  of  parts  of 20  70 

of  Constantine 20  11 

Pointed 20  74 

Segmental 20  72 

Semicircular  20  71 

Soffltof 20  71 

Stilted 20  74 

Three-centered 20  72 

Venetian  Gothic 20  75 

Architect,  Duties  of 20  2 

Architecture,  Orders  of 20  82 

'*             why  studied 20  1 

Architectural  forms 20  55 

"             proportions 20  86 

Architrave 20  20 


Sec,  Page. 

Ash-chute  head.  Patterns  for. .  18  74 

Astragal 20  19 

Axial  line 15  60 

B.                 Sec,  Page. 
Ball   and   molding.  Miter  be- 
tween   21  66 

Balusters 20  58 

Balustrade 20  59 

Bar,  Common  skylight 22  4 

'•    Hipskylight 22  4 

**    Jack  skylight 82  4 

"    Ridge  skylight 88  4 

Barrow,  Pattern  for 19  63 

Baseline 15  14 

3asis  of  projection 15  89 

Bath,  Pattern  for  foot 17  58 

'*      Pattern  for  sitz 17  56 

**     Pattern  for  steel-clad ....  17  64 

"      Pattern  for  wood-cased..  17  69 

Bay-window  soffit,  Pattern  for  21  74 

Bead  mold 20  64 

Bed  course 20  81 

Bell 80  19 

Bends,  Angular 17  6 

Block-letter  alphabet 20  82 

Boot,  Pattern  for  center 18  82 

"      Pattern  for  offset 18  85 

Boss,  Pattern  for  bracket 21  29 

**      Pattern  for  conical  17  105 

"      Pattern  for  faucet 17  80 

Bottom  plan 15  7 

Brace,  Pattern  for  faucet 17  80 

Bracket  boss,  Pattern  for 21  29 


VU 


Digitized  by  VjOOQIC 


Vlll 


INDEX. 


S€C.  Page. 

Bracket,  Pattern  for  raking....  "iX  52 

*»        Raking SO  68 

Branch  Y,  Pattern  for  four- way  18  85 

Breast,  Pattern  for  oil-can 17  84 

Brewing  kettle,  Pattern  for....  19  42 

Broken  pediments 20  60 

Butt  miter,  Pattern  for 81  22 

C.  Sec,  Page. 

Cap,  Pattern  for  stack 19  16 

Capital 20  19 

Caryatides 20  8 

Cavetto 2018,62 

Ceiling  plan 15  7 

Center  boot,  Pattern  for 18  82 

"      line 15  56 

Change  of  profile 21  18 

Chord  distance,  Measurement 

of 16  84 

Circle 15  79 

Classic  moldings 20  60 

Classification  of  solids.. 16  8 

Clip,  Skylight 82  22 

Clustered  columns 20  58 

Coal  hod ,  Pattern  for 17  107 

Coffee-pot  lip,  Pattern  for 17  75 

Column 80  18 

Clustered 20  58 

Modifications  of 20  55 

Common  skylight  bar 22  4 

"         skylight  bar.  Pattern 

for 22  10 

Comparison  of  gauges 17  19, 20 

Complicated  forms.  Pattern  for  17  2 

Composite  order 20  28,68 

Compression  chamber,  Pattern 

for 19  46 

Cone  and  cylinder.  Intersection 

of 15  92 

"     and  pyramid.  Relation  of  16  86 

'*      Development  of 16  88, 44 

"     Development  of  frustum 

of 16  40 

*'     Development  of  inter- 
secting    16  47 

*'     Development  of   irregu- 
lar frustum  of 16  46 

"      Development  of  scalene.  16  61 

*'      Elements  of 15  79 

"     Intersection  of 15  93 

"     Projectionof  15  66 

Conic  elbow.  Pattern  for 18  13 

*'     sections 15  79,83 

Con  ical  boss.  Pattern  for 17  105 

•*       outlet,  Pattern  for 18  68 

spout,  Pattern  for 17  72 


Sec.  Page. 
Connection,  Pattemforobliqixe- 

pipe 18  44,49 

'*          Pattern  for  roof ...  18  56, 61 

Constantine,  Arch  of 90  11 

Construction  lines  for  develop- 
ments   16  88,42 

^           of  skylights 22  8 

Contract  record. . . , 17  4 

Conveyor  flight.  Pattern  for. . .  19  66 

Corinthian  order 20  10, 17 

"          order 80  28,45 

•*          order,  Grecian 20  45 

*^          order,  Roman 80  49 

Cornice 80  20 

Corona 20  21 

Course,  Bed 20  21 

Dentil 20  81 

Modillion tO  81 

Cove 80  18,62 

Cover,  Pattern  for  wash  boiler 

and 17  86 

Cripples,  Skylight 22  80 

Cromlech SO  7 

Cross-bar,  Pattern  for  skylight  88  28 

Crown  molding SO  81 

"       molding    and     volute. 

Miter  between 81  39 

Cube,  Development  of.........  16  15 

**      Projectionof 15  54 

"     Sections  of 15  69 

Curb  of  hip  skylight.  Pattern 

for 82  9 

"     ofskylight 88  4 

Curved  moldings,  Pattern  for.  81  85 
*'       pediment.    Miter 

against 21  84 

Cut-off,  Pattern  for  rain-water  18  70 
Cutting    plane.    How    repre- 
sented   15  71 

Cylinder  and  cone,  Intersec- 
tion of 15  » 

"        and  prism,  Intersec- 
tion of 16  89 

"        and  prism.  Intersec- 
tion of 16       35 

"        and  pyramid.  Inter- 
section of 19  79 

"        and  sphere,  Intersec- 
tion of 15  96 

"        and  sphere,  Intersec- 
tion of 16  35 

*'        Development  of 16       27 

'*        Development   of    in- 
tersecting   16  28,29 

**        Development  of   in- 
tersecting.....   16  88 


Digitized  by  VjOOQIC 


INDEX. 


IX 


Sec.  Page. 

Cylinder,  Intersecting: 15  90, 03 

••         Projection  of 15  61 

"        Sections  of 15  74 

Cyma  recta 80  19,62 

"      reversa 20  19,62 

D.  Sec.  Page. 

Dado 20  18 

Date  panels 80  81 

Days  of  window  20  78 

Deck  cornice  and  hip  molding^, 

Miter  between 21  67 

Dentil  course 90  21 

Design    for    sheet- metal    bay 

window 20  88 

Developers 16  18 

Development  16  1 

"            Accurate 16  4 

"             Approximate....  16  5,63 

"             by  parallel  lines  16  6 

"             by  radial  lines..  16  8,86 

"            by  radial  lines..  16  42 
*'            by  triangula- 

tion 16  9,49 

Finishing  of 16  19,80 

'*  Importance     o  f 

certain     views 

in 16  13 

Method  used  in.  16  % 

"             of  ash-chute  head  18  74 
'*            of     bay-window 

soffit 21  74 

'*            of  bracket  boss. .  31  29 

'*             of  brewing  kettle  19  48 

of  butt  miter....  21  28 

'*             of  center  boot...  18  32 

'*             of  coal  hod 17  107 

"             of  coflfee-pot  lip..  17  75 
**            of  common  sky- 
light bar 22  10 

"             of  cone 16  38,44 

**             of  conical  boss. .  17  106 

"             of  conical  outlet.  18  68 

"             of  conical  spout.  17  72 

*'            of  conic  elbow. . .  18  18 

"            of  conic  frustum  16  40 
"            of    conveyor 

flight 19  66 

"            of  cube 16  15 

**            of  curved  mold- 
ing   21  35 

"            of  cut-off 18  70 

**             of  cylinder 16  27 

•*             of  elbows 18  2 

"            of   elliptical    el- 
bow   18  40 

"            of  Sm^rson  head  19  18 


Sec.  Page. 
Development  of  faucet  boss,. ..     17       80 

"  offoot-bath 17       58 

•''  of  four-way  Y...    18       85 

*'  of  frustum  of 
hexagonal  pyr- 
amid     16       46 

of  funnel 17       44 

"  of  gable  in  ra- 
king octagon 
mold 21       46 

"  of  gable  skylight 

bar 38       12 

*'  of     gore-shaped 

transition  piece    21       71 

"  of  grocer's  scoop    17       94 

*^  of  gusset  plate  . .    19       13 

"  of  gutter  miter..    18       64 

"  of  helmet  lip 17       69 

"  of   hip    skylight 

bar 22       14 

**  of    hip    skylight 

curb 22         0 

**  of      intersected 

cylinder 16  28,29 

"  of      intersected 

cylinder 16       35 

**  of      intersected 

prism  16  28,86 

**  of      intersected 

solids 16       90 

"  of    intersecting 

cones 16       47 

"  of  intersecting 
cylinder  and 
sphere 16       35 

"  of     intersecting 

cylinders  16       29 

•*  of     intersecting 

prisms 16       31 

"  ofintricate 

solids 16       82 

"  of  irregular  el- 
bow      18       10 

"  of  irregular  el- 
bow      19       25 

"  of   irregular   el- 

bow and  pipe..    18       16 

"  of  irregular  in- 
tersecting cyl- 
inders      16       83 

"  of  irregular  in- 
tersection      19       74 

**  of  irregular  solid    16  54,56 

"  of  irregular  solid     10       57 

"  of  miter  against 
curved  pedi- 
ment     21       84 


Digitized  by  VjOOQIC 


INDEX. 


Sec.  Page. 
Development  of  miter  against 

irregular  pier..    21       56 
"  of  miter  against 

oblique  return.  21  60 
*'  of  miter  between 
crown  mold 
and  volute  ....  21  39 
**  of  miter  between 
different  mold- 
ings     21       27 

"  of  miter  between 

different   pt'di- 

ments 21       48 

**  of  miter  between 

hip    and    deck 

molds 21       67 

**  of  miter  between 

mold      and 

sphere 21       66 

"             of  miter  between 
straight    and 
curved  mold  . .    21       32 
**             of  oblique  con- 
nection      19       28 

**             of  oblique  pipe- 
work      18  44,49 

"             of  octagon  miter    21       20 
"             of  octagonal  pyr- 
amid      16       45 

'*  of  octagonal  urn    19       82 

of  offset  boot...    18       35 
**  of  oil-can  breast 

and  spout 17       84 

of  oil  pump 17     101 

*•  of  oil-tank  top..     17       97 

'*  of  pentagonal 

prism  16       26 

*^              of  pump  cham- 
ber     19       46 

•*  of  pyramid 16       39 

'*  of  pyramid  and 

cylinder 19       79 

**  of  quadrangular 

pyramid 16       44 

^*             of  raking  brack- 
et     21        62 

'*             of  raking  mold.    21       42 
*'             of  ridge  ventila- 
tor     22       24 

"             of  roof   connec- 
tion      1858,61 

"  of  scalene  cone..    16       61 

**  of  scale  scoop...     17       90 

"  ofship  ventilator   19  50,58 

ofsitzbath 17       56 

♦*  ofskylightcross- 

bur 22      22 


Sec.  Page, 
Development  of    skylight  hip 

bar 28  14 

''  of  skylight  jack 

bar 22  80 

'*              of  slope  sheet...  19  6,9 
^^             of     smokestack 

cap 19  16 

"             of    special    sky- 
light hip  bar..  22  18 

*'              of  sphere 16  64,65 

"              of  sphere 19  32 

"              of  spirit  still....  19  37 

**              of  square  miter.  81  17 

**              of  square  pan...  17  38,48 

^*              of  steam  dome  19  8 
"             of  steel-clad 

bath 17  64 

**             of  three-way  el- 
bow   18  21 

"  of  transition 

piece 18  58,55 

**  of  t  r  a  n  s  i  t  i  o  n 

piece 18  58,61 

**  of  transition 

piece 19  81 

*•  of    wash    boiler 

and  cover 17  86 

'*              of  wash  miter..  21  59 

"              of  wheelbarrow  19  63 
"             of   wood  -  cased 

bath    17  59 

"             Position  of  par- 
allel   16  15 

"             Position   of   ra- 
dial   16  40 

**              Rules  for  paral- 
lel   16  84 

*'              Rules  for  radial  16  42 
{See  Patterns). 

Developmental 16  25 

II  16  31 

III 16  33 

IV 16  44 

V 16  53 

Different  moldings.  Pattern  for 

miter  between 81  27 

'*         views.  Why  drawn  .  15  14 

Dimension  lines 15  13 

•'           of  liquid  measures.  17  47 
Divi.sion  of  solids,  How  accom- 
plished    16  lO 

Dome,  Pattern  for  steam 19  2 

Doric  order 20  23,29 

•'     order,  Grecian 90  29 

*•     order,  Roman 20  88 

Double  lock,  Allowances  for...  17  10 

^*       seam,  Allowances  for.  17  IQ 


Digitized  by  VjOOQIC 


INDEX. 


XI 


Sec.  Page. 

Drawing,  Perspective 15  8 

"         plate.  Design  for 
Sheet  -  Metal    Bay 

Window aO  88 

**         plate.  Develop- 
ments 1 16  25 

"         plate,  Develop- 

menU  II 16  81 

"         plate,   Develop- 
ments III 16  S3 

*'         plate,  Develop- 
ments IV 16  44 

'•         plate.  Develop- 
ments V 16  53 

plate.    Examination 

Plate  1 17  118 

"         plate.    Examination 

Plate  II 18  79 

"         plate,    Examination 

Plate  III 1»  87 

**         plate.    Examination 

Plate  IV 21  79 

^*         plate.    Examination 

Plate  V 22  25 

**         plate.  Intersec- 
tions 1 15  84 

**         plate.  Intersec- 
tions II 15  90 

**         plate.  Projections!..  15  18 

plate,  Projections II.  15  46 

"         plate.  Projections  III  15  61 

*'          plate,  Sections  1 15  68 

"          plate.  Sections  IL...  15  79 

"          Preservation  of 17  3 

To  read  a 16  31,56 

**         Use  of  a  section 15  66 

Working    15  % 

Dust  catcher 18  79 

Duties  of  architect 20  2 

E.  Sec.  Page, 

Eave-trough  miter.  Pattern  for  18  64 

"     trough  outlet.  Pattern  for  18  68 

Echinus 20  19,63 

Edge  lines 16  17 

"     lines.  True 16  41 

Edges,  Allowances  for 17  8 

Elbow  in  pipe.  Pattern  for  ir- 
regular   18  16 

**       in  pipe.  Pattern  for  ir- 
regular   19  25 

"       Pattern  for 18  2 

"       Pattern  for  conic 18  18 

**       Pattern  for  elliptical...  18  40 
**       Pattern    for    irregular 

shaped 18  10 

"       Pattern  for  three-way..  18  21 


Sec.  Page. 

Elbow,  Pattern  for  two-pieced.  16  29 

"       To  draw  elevation  of...  18  8 

Elements  of  cone 15  79 

Elevation 15  7 

"         of  elbows.  To  draw..  18  8 

Ellipse 15  79,81 

Elliptical  arch 20  78 

"         elbow.  Pattern  for...  18  40 

Emerson  head.  Pattern  for  ...  19  18 
End    bar   of  gable    skylight. 

Pattern  for 22  12 

Entablature 20  13 

Entasis 90  27 

Escape 20  18 

Examination  Plate  1 17  118 

Platen 18  79 

"             Plate  III  19  87 

Plate  IV 21  7« 

PlateV 22  25 

Extrados 20  71 

P.  Sec.  Page, 

Face  miters 21  6 

Fascia 20  18 

Faucet  boss.  Pattern  for 17  80 

Fillet 20  18,61 

Filter,  Oil 17  115 

Finishing  the  development  ..  16  19 

Five-centered  arch 20  72 

Flaring  measure.  Pattern  for. .  17  47 

Flatarch 20  76 

Flight,  Pattern  for  conveyor. .  19  66 

Foot-bath,  Pattern  for 17  52 

Foreshortened  views 15  9 

Forms,  Architectural 20  55 

**       Geometrical 15  9 

'•       Patterns     for    compli- 
cated   17  2 

""       Recognition  of  radial..  16  49 

Skylight  curb 22  6 

Four-way  Y,  Pattern  for 18  25 

French  Roman  alphabet 20  85 

Frieze 20  20 

Front  elevation 15  7 

Frustum,  Development  of 

conic 16  40 

"         of    cone.     Develop- 
ment of  irregular.  16  46 
"         of  pyramid.  Devel- 
opment of 16  46 

Full  view 15  42 

*'     view,  Position  of 15  50 

Funnel,  Pattern  for 17  44 

Furnace  boot.  Pattern  for  cen- 
ter    18  82 

'*        boot.  Pattern  for  off- 
set   18  35 


Digitized  by  VjOOQIC 


Xll 


INDEX. 


a.  See.  Pa/re. 

Gable  mold.  Wash  miter  in ... .  21  59 
*'      skyli£:ht,     Pattern     for 

end  bar 22  12 

Galvanized  iron 17  19 

Garbage-chute  head 18  74 

Gauge,  Comparison  of 17  19,  20 

"        for  sheet  metal 17  15 

U.  S.  standard 17  21 

Geometrical  forms 15  9 

Gores,  Pattern  for  sphere  by..  16  65 
Gore-shaped  transition    piece, 

Patternfor 21  H 

Gothicarch 8012,74 

Gravity,  Specific 17  84 

Grecian  Corinthian  order 20  45 

"        Doric  order 20  29 

'•        Ionic  order        20  8? 

Grocer's  scoop.  Pattern  for 17  94 

Gusset  plate,  Pattern  for 19  13 

Gutter  miter,  Pattern  for 18  64 

*•      outlet.  Pattern  for 18  08 

M.  Sec.  Page. 

Haunches  of  arch 20  71 

Head  of  window 20  79 

Helmet  lip,  Pattern  for  17  60 

Hexagonal  pyramid,  Develop- 
ment of  frustum  of 16  46 

Hidden  surfaces 15  56 

Hip  and  deck  mold.  Miter  be- 
tween   21  67 

"     bar,  Pattern  for 22  14 

•'     skylight.  Pattern  for  curb 

of 22  9 

Hod,  Pattern  for  coal 17  107 

Horizontal  plane 15  15 

Horshoe  arch 20  75 

Hyperbola 15  79,82 

I.  Sec.  Page. 

Ill-proportioned  structures....  20  8 

Imagination,  Help  of  the 15  10 

Help  of  the 16  24 

Importance  of  accuracy 16  46 

"          of  accuracy 16  28 

*'          of  correct  projec- 
tion   16  59 

Inclined  letters 20  84 

lines 16  24 

*'          planes 15  40 

solids 15  68,59 

Inside  miters 21  8 

Interedge  lines 16  23 

Interpretation  of  orders 20  24 

Intersections  1 16  81 


Intersections  II 

''            General  instruc- 
tions for 

'*  of  cones 

'*  of  cones 

*'  of  cylinder 

"  of  cylinder 

"  of  cylinder 

'*  of   cylinder   and 

cone 

**  of   cylinder  and 

prism 

"  of   cylinder  and 

prism 

"  of   cylinder   and 

pyramid 

**  of  cylinder   and 

sphere 

"  of  cylinder    and 

sphere 

**  of  prism 

"  of  prism 

of  solids 

"            Pattern     for    ir- 
regular  

Inirados 

Intricate  solids,  Development 

of 

Invention  of  skylight  bar 

Involved  miters 

Ionic  order 

'*     order,  Grecian 

'*     order,  Roman 

Iron,  Galvanized 

Irregular  elbow,  Pattern  for... 
elbow  and  pipe.  Pat- 
tern for 

intersection,  Pattern 

for 

intersection  of  cylin- 
ders, Pattern  for. .. 
pier,  Miter  against... 
shaped   elbow,   Pat- 
tern for 

solid,     Development 

of 

solid.    Development 

of 

solid.  Projection  of. . 

solid,  Section  of. 

Irregularly   outlined   surface. 
Projection  of 


Sec.  Page, 
15       90 

15       89 

15  93 

16  47 

15  90,92 

16  29,88 
16       28 


15 


92 


Jack-bar 

"    bar,  Pattern  for. 


15  69 

16  85 
19  79 
16  96 

16       85 

15  86 

16  28,81 
16       20 

19  74 

20  n 

16  82 
22         2 

21  76 
20  28,37 
20       87 

20  41 

17  19 
19       26 

18  16 

19  74 

16       88 

21  66 

18  10 
16  64,56 

16        57 

15  75 

16  75 

16  46,62 

Sec.  Page. 

22  4 
.    22       20 


Digitized  by  VjOOQIC 


INDEX. 


XIU 


K.  Sec.  Page. 

Kettle,  Pattern  for  brewing —  19  42 

Keystone 20  71 

Knowledge     of     architecture. 

Why  necessary 20  1 

L.  Sec,  Page. 

Label  moldings 20  77 

Laps,  Allowances  for 17  8 

Laying  off  the  stretchout 16  16 

Letters,  Oblique 20  84 

Line,Axial  15  60 

"      Base 15  14 

**     Center 15  56 

"      Development  by  radial..  16  38 

'*      Dimension 15  18 

"      Edge 16  17 

'*      Finding  position  of  miter  81  12 
"     in  a  development,  Finish 

of 16  80 

"      Inclined  position  of 15  24 

"      Interedge 16  23 

"      Miter 15  84 

'*      Oblique  position  of 15  32 

'»      of  sight 15  5 

"      of  sight.  Foot  of 15  15 

"      Projection  of 15  90 

"      Right  position  of 15  20 

"      To  find  the  true  length 

of 15  84 

*»     True  edge  16  41 

Lip,  Pattern  for  coffee-pot 17  75 

'»    Pattern  for  helmet 17  69 

Liquid  measures,   Dimensions 

of 17  47 

Locks,  Allowances  for 17  8,9 

Louvre  for  skylight 22  7 

M.  Sec.  Page. 

Marking  patterns 17  14 

Measurement    of    chord    dis- 
tances   16  84 

Measures,  Dimensions  of  liquid  17  .    47 

"         Patterns  for  flaring.  17  47 

Method  of  transfer 17  18 

**       of  triangulation 16  40,60 

Metope 20  31 

Micrometer 17  16 

Miter  against  curved  pediment  21  24 

"     against  irregular  pier....  21  56 

••     against  oblique  return..  21  CO 
'*     between  crown  mold  and 

volute 21  39 

**     between  different  molds  21  27 
"     between  different   pedi- 
ments    21  48 


Sec.  Page. 
Miter  between   hip  and   deck 

molds  21  67 

**     between  mold  and 

sphere 21  65 

"     between  straight  and 

curved  molds 91  82 

•*     Butt 21  22 

"     Eave-trough 18  64 

*•     Face 21  6 

"     Gable-skylight 22  18 

"     Inside 21  8 

"     Involved 21  76 

"     line 15  84 

"     line.. 21  12 

"     Octagon 21  20 

"     Outside 21  8 

**     Raked 21  18 

*'     Raked  octagon 21  46 

*'     Return 81  6 

*'     Skylight,  common  bar...  22  10 

**     Skylight,  hip  bar 22  14 

•*     Skylight,  jack-bar 82  20 

**     Skylight,     special      hip 

bar 22  18 

•*     Square  21  17 

"      Wash 21  59 

.  Modifications  of  the  column ...  20  55 
Modified  methods  of  triangu- 
lation   16  60 

Modillion  course 20  21 

"         Raking 2J  68 

Modules  and  parts,  Scale  of.. .  20  15 
Molding  and  sphere,  Miter  be- 
tween   21  65 

Bead 20  64 

"       Classic 20  60 

"       Crown 20  21 

"       Curved 21  35 

*'       Finding  profile  of 

rake 20  67 

Label 20  77 

'*       Miter  between  differ- 
ent   2127,48 

Neck 20  19 

"       Ogee 20  19,62 

*'       Pediment 21  42 

"       Projection  of 21  4 

Raked 20  65 

"       Raked  octagon  pedi- 
ment   81  46 

Soffit 20  77 

*'       Torus 20  18,64 

**       Wash  miter  in  gable.  21  59 

Moorish  arch 20  75 

Mullions 20  78 

Mutules 20  38 


Digitized  by  VjOOQIC 


XIV 


INDEX. 


N.  Sec.  Pafre. 

Name  and  date  panels 20       81 

Neckmold 20       19 

Notches 17       12 

O.  Sec,    Page. 

Oblique    connection,    Pattern 

for 19       28 

*'         irregular  surface 15       52 

*'         letters 20       84 

"         pipework,  Pattern 

for 1844,49 

"         position  of  line 15       82 

"  position  of  plane 15       48 

"         position  of  solid 15       59 

Observer,  Position  of 15         4 

Octagonal  prism,  Intersected..  IC       28 
*'          pyramid,    Develop- 
ment of 16       45 

"  urn.  Pattern  for 19       82 

Octagon  miter 21        20 

'•         miter.  Raked 21       46 

Offset  boot,  Pattern  for 18       35 

Ogee  molding 20  19,62 

Oil-can  breast.  Pattern  for 17       84 

"   can  spout,  Pattern  for 17       84 

*•    filter 17      115 

•'    pump  head.  Pattern  for...  17      101 

"    tank  top.  Pattern  for 17       97 

Order.  Composite 20  28,53 

Corinthian 20  10, 17 

"       Corinthian 20  28,45 

"       Different  interpretation 

of  ao       24 

"       Doric 2023,29 

*'       Grecian  Corinthian....  20       45 

'•       Grecian  Doric 20       29 

'*'       Grecian  Ionic 20       87 

"       Ionic 2023,37 

'•       Roman  Corinthian 20       49 

"       Roman  Doric aO       83 

'*       Roman  Ionic 20       41 

Tuscan 20  23,25 

Orthographic  projection 15         1 

Outlet,  Pattern  for  eave-trough  18       68 

Outside  miters 21         8 

Ovolo 20  18,63 

P.  Sec.  Page, 

Pan,  Pattern  for  square 17  38, 42 

Panels,  Name  and  date 20       81 

Pantheon 20         9 

Parabola 15  79,82 

Parallel    development.    Rules 

for 16       24 

"           lines,    S<»lids    devel- 
oped on IG         6 


Sec. 

Page. 

Parts  and  modules,  Scale  of . . . 

20 

15 

Pattern,  Allowances  in 

17 

5 

*'        for  ash-chute  head 

18 

74 

"        for  bay-window  soffit 

21 

74 

**        for  bracket  boss 

21 

29 

for  brewing  kettle — 

19 

42 

*'        for  butt  miter 

21 

22 

"        for  center  boot 

18 

32 

*'         for  coal  hod.. 

17 

17 

107 

"         for  coffee-pot  lip 

75 

"        for  complicated  forms 

17 

2 

*'        for  conic  elbow 

18 

18 

•'        for  conical  boss 

17 

105 

"         for  conical  outlet 

18 

68 

' '        for  conical  spout 

17 

« 

"         for  conveyor  flight . , . 

19 

66 

"        for  curved  molding.. 

21 

85 

**        for  cut-off 

18 

70 

forelbow 

18 

2 

for  elliptical  elbow... 

18 

40 

•*        for  Emerson  head 

19 

18 

**        for  faucet  boss 

17 

80 

*'        for  flaring  measure  . . 

17 

47 

'*        for  foot-bath 

17 
17 
18 

52 

"        for  funnel 

44 

"        for  four-way  Y 

25 

"        for  gore-shaped  tran- 

sition piece 

21 

71 

"        for  grocer's  scoop. . . . 

17 

94 

"        for  gusset  plate 

19 

18 

"        for  gutter  miter 

18 

64 

**        for  helmet  lip  ........ 

17 

69 

"        for  intersected  cylin- 

der  

19 

7« 

"        for  irregular  elbow... 

18 

10 

"        for  irregular  elbow... 

19 

25 

*'         for    irregular    elbow 

and  pipe 

18 

16 

'*         for  irregular  intersec- 

tion  

19 

74 

**        for   miter  against 

curved  pediment... 

21 

24 

'*         for   miter   against 

irregular  pier 

21 

56 

"        for   miter   against 

oblique  return 

21 

60 

"        for     miter     between 

crown   mold  and 

volute ..... 

21 

39 

*'        for  miter  between  dif- 

ferent moldings..  .. 

21 

27 

**        for  miter  between  dif- 

ferent pediments. . . 

21 

48 

"       .for  miter  between  hip 

and  deck  molds 

21 

67 

"         for  miter  between 

mold  and  sphere.... 

21 

66 

Digitized  by  VjOOQIC 


INDEX. 


XV 


Sec,  Page. 
Pattern  for  miter   between 

straight  and  curved 

mold 21  38 

*^        for    miter   in  raking 

octagon 21  46 

'*        foroblique  connection  19  28 

"        for  oblique  pipework.  18  44,  49 

•*         for  octagon  miter 21  20 

"        for  octagonal  urn 19  82 

for  offset  boot 18  35 

**        for  oil-can  breast 17  84 

•'        for  oil-can  spout 17       84 

"        for  oil  pump 17  101 

"        for  oil-tank  top 17       97 

*'         for  pump  chamber 19  46 

"        for  rake  bracket 21  52 

*•         for  rake  miter 21  14 

"         for  rake  molding 21  42 

"         for  ridge  ventilator..  22  24 

**         for  roof  connection. . .  18  58, 61 

"        for  scale  scoop 17  90 

"         for  ship  ventilator. ...  19  50.58 

"         for  sitz  bath 17  66 

**         for  skylight,  common 

bar 22  10 

**        for  skylight,  cross-bar  22  22 

"         for  skylight,  curb 22  9 

"        for  skylight,  end  bar.  22  12 

"        for  skylight,  hip  bar..  22  14 

"        for  skylight,  jack-bar  22  20 

•♦         for  slope  sheet 19  6,9 

"        for  smokestack  cap...  19  16 
**        for   special    skylight, 

hip  bar 22  18 

»*         for  sphere 19  32 

"        for  spirit  still 19  87 

"        for  square  miter.  . .   .  21  17 

"        for  square  pan 17  88,42 

"        for  steam  dome 19  3 

**        for  steel-clad  bath 17  64 

forT  joint 16  29 

•*        for  three-way  elbow.  18  21 

'*        for  transition  piece..  18  52,55 

'*        for  transition  piece..  18  58,61 

*^        for  transition  piece..  19  21 

"        for  two-pieced  elbow  16  29 
"        for  wash   boiler  and 

cover 17  86 

**        for  wash  miter 21  59 

•*        for  wheelbarrow 19  63 

"        for  wood-cased  bath..  17  59 

How  marked 17  14 

"        How  transferred 17  13 

"        Relation   of   surfaces 

in  a 16  1 

{,S€e  Developments). 


Sec.  Page. 

Pediment 20  65 

"          Broken 20  69 

"         Miter      against 

curved 21  21 

•*         molding 21  42 

"         molding,    Miter   be- 
tween different...  81  48 
*'         molding.  Raked  oc- 
tagon   21  46 

Pentagonal  prism.  Develop- 
ment of 16  26 

Perspective  drawing 15  8 

Pier,  Miter  against  irregular..  21  56 

Pilasters 20  55 

Pipe  and  elbow,  Pattern  for  ir- 
regular   18  16 

Pipework,  Pattern  for  oblique.  18  44, 49 

Plan 15  7 

Plane 15  84 

•'      Cutting 15  71 

"      cutting  cylinder 15  74 

**      cutting  irregular  solid..  15  75 

"      cutting  prism 16  72 

'*      cutting  pyramid 15  78 

"      Inclined  position  of 15  40 

"      Oblique  position  of 15  48 

"      of  projection 15  15 

*'      Projection  of 15  37 

"      surfaces 15  34 

"      To  determine  position  of  15  36 

Plate 15  12 

"      Design    for   Sheet-Metal 

Bay  Window 20  88 

*'      Developments] 16  25 

"      Developments  II 16  31 

"      Developments  III 16  38 

*'      Developments  IV 16  44 

**      Developments  V 16  53 

"      Examination  Plate  1 17  113 

"      Examination  Plate  II 18  79 

**      Examination  Plate  III...  19  87 

'*      Examination  Plate  IV...  21  79 

"      Examination  Plate  v....  22  25 

"      Intersections  1 15  84 

"      Intersections  II 15  90 

"      Pattern  for  gusset 19  18 

"      Projections  1 15  13 

"      Projections  II 15  46 

••      Projections  III 15  61 

*'      Sections  1 15  68 

"      SectionsII 15  79 

Plinth 20  19 

Point,  Projection  of 13  18 

Pointed  arch 20  79 

Position  of  full  views 15  50 

*'        of  observer 15  4 


Digitized  by  VjOOQIC 


XVI 


INDEX. 


Sec,  Page. 
Position  of    parallel    develop- 
ments   10  10 

"        of  plane,  How  deter- 

mined 16  86 

**        of   radial   develop- 
ments   10  40 

**        of  sections...  15  8 

Preservation  of  drawings 17  8 

Primary  projectors 15  17 

Principles  of  architectural  pro- 
portion   20  86 

Prism  and  cylinder.  Intersec- 
tion of 15  80 

**       and  cylinder.  Intersec- 
tion of 16  85 

**       Intersected  16  88 

**       Intersecting 16  80 

"       Intersecting 16  81 

**  '    Pentagonal 10  96 

»'       Projection  of 15  57 

"      Sectionsof 16  72 

Profile,  Change  of  81  12 

"        Method  of  finding  rake  80  67 

Raked 21  41 

*'        Skylight-bar 82  8 

Projection,  Basis  of 16  89 

**           drawing,  Proof  of..  16  24 
"          Importance  of  cor- 
rect      16  59 

"           of  cone 16  66 

**           of  cube 15  64 

of  cylinder 15  61 

**  ofintersccting 

prisms 15  86 

"           of  irregular  solids.  15  75 

"           ofline 16  80 

**           of  molding 21  4 

"          ofplane 15  87 

'•           of  point...   15  18 

"           of  prism 15  67 

"           of  pyramid 15  64 

"          of  scalene  cone ....  15  83 

"  ofsolids 1558,67 

*'          Orthographic 16  1 

"           Planes  of 16  15 

"           Views  necessary  in  16  6 

Projections! 16  18 

II 15  46 

III 16  61 

Projectors 16  16 

•*         Arc  method  of  sec- 
ondary    16  41 

"         Primary 15  17 

"          Secondary 15  29 

Proof  of  projection  drawing...  16  84 
Proportion,  Principles  of  archi- 
tectural   20  66 


Sec,  Page. 
Pump  chamber.  Pattern  for....  19  40 
'•      head,  Pattern  for  oil  ...  17  101 
Pyramid  and  cone,  Relation  of  16  86 
•*         and   cylinder.    Inter- 
section of 19  79 

"         Development  of 10  89,  44 

"         Development  of 10  45 

"         Development  of  frus- 
tum of 10  40 

"         Projection  of 15  64 

Sectionsof 15  78 

Q.  Sec.  Page. 
Quadrangular  pyramid.  Devel- 
opment of 16  44 

Quarterfoil 80  79 

Quarter  round 80 18.  G8 

R.  Sec.  Page. 

Radial  developments 16  40. 48 

"       forms 16  49 

**       lines,  Development  by.  16  8,86 

**       solids,  Revolution  of...  16  40 

**       solids.  Stretchouts  for..  16  89 

Rain-water  cut-off,  Pattern  for  18  70 

Rakedmiter ..  8118,14 

•*       mold 80  67 

'*      profile,  To  find 21  44 

Raking  bracket 20  68 

"        bracket,  Pattern  for...  21  S8 

Reading  working  drawings 15  31,56 

Rear  elevation 16  7 

Rectangular  pipe.  Pattern  for 

elbow  in        ...  19  26 
*•           pipe,  Pattern  for 

connection  in..  19  88 

Reduction  elbow.  Pattern  for..  18  21 

Relation  of  pyramid  and  cone.  10  86 

Return  miters 81  6 

Revolution  of  radial  solids 16  40 

Ridge  bar 22  4 

"      ventilator 82  6,84 

Right  position  of  line  16  20 

Ringstones 80  71 

Rise  of  arch 80  71 

Roman  Corinthian  order 80  49 

"       Doric  order 80  88 

**       Ionic  order SO  41 

Roof  connection.  Pattern  for..  18  68,61 

**     plan 16  7 

Rules  for  parallel  development    16  24 

*^      for  radial  development..  16  42 

Russia  sheet  iron 17  S3,8G 

S.  Sec.  Page. 

Sash,  Swinging 28  8 

Scale  of  modules  and  parts 80  15 

"      scoop,  Pattern  for 17  90 


Digitized  by  VjOOQIC 


INDEX. 


XVH 


Sec.  Page» 

Scalene  cone,  Development  of.  16  61 

cone,  Projection  of 16  88 

Scoop,  Pattern  for  grocer's....  17  94 

Scotia aO  19,64 

Secondary  projectors 15  29 

**  proj  ectors,  Arc 

method  of    15  41 

Section  drawings 15  8 

'*       drawings,  Use  of 15  68 

**       How  represented 15  77,78 

*•       of  cube 15  09 

"       of  cylinder 15  74 

•'        of  irregular  solid 15  75 

**       of  prism 15  72 

**       of  pyramid 16  78 

'*       of  scalene  cone 15  88 

*'       of  sphere 16  68 

"       Position  of 15  8 

Sections,  Conic 15  79, 88 

1 15  68 

»*          II 15  79 

Segmental  arch 20  72 

Semicircular  arch 20  71 

Set  of  plans 16  8 

Sheetcopper 17  22,28 

"     lead 17  29 

"     metal  gauges 17  16 

"     Pattern  for  slope 19  6,  9 

•*     tin 17  29 

"     zinc 1728,24 

Ship  ventilator.  Pattern  for. . .  19  60, 58 

Side  elevation 16  7 

Sight,  Line  of 16  5 

Sitz  bath.  Pattern  for 17  66 

Skewbacks 20  71 

Skylight  bar.  Invention  of 22  2 

*'        bar,  Profile  of 22  3 

'•        Forms  of 88  1-6 

glass 17  88 

**        Louvre  for 22  7 

"        Swinging  sash  for....  22  8 

Slope  sheet.  Pattern  for 19  6,  9 

Smokestack  cap.  Pattern  for...  19  16 

Soffit  molding 20  77 

*'     of  arch 20  71 

"     Pattern  for  bay-window  21  74 

Solids,  Classification  of 16  8 

**       Development  of 16  5, 8 

**        Development  of 16  9 

*'       Development  of   inter- 
sected    16  20 

**       Development  of   intri- 
cate   16  82 

**       How    divided   into 

classes 16  10 

•*      Irregular 10  54,5« 


Sec.  Page. 

Solids,  Irregular 16  67 

Projection  of 15  53, 67 

"       Projection  of  irregular.  15  75 

"       Revolution  of  radial....  16  40 

"       Sections  of  irregular...  16  75 

**       Stretchout  for  parallel.  16  16 

Stretchout  for  radial...  16  89 

Span  of  arch 20  71 

Special  hip  bar,  Pattern  for....  22  18 

Specific  gravity 17  84 

Sphere  and  cylinder,  Intersec- 
tion of 15  96 

"       and  cylinder,  Intersec- 
tion of 16  85 

"       and  molding.  Miter  be- 
tween      21  65 

'*       Development  of 16  64,65 

**       Pattern  for 19  82 

Sections  of 15  68 

Spirit  .still.  Pattern  for 19  87 

Spout,  Pattern  for  conical 17  ^ 

"      Pattern  for  oil-can 17  W 

Springing  line 20  70 

Square  miter.  Pattern  for 21  17 

"       pan.  Pattern  for 17  88,  42 

Stack  cap,  Pattern  for 19  16 

Stay  for  rake  mold,  To  find. ...  90  G7 

Steam  dome.  Pattern  for 19  8 

Steel-clad  bath,  Pattern  for....  17  64 

Still,  Pattern  for 19  8? 

Stilted  arch 20  74 

Straight  moldsas parallel  forms  21  2 

Stretchout 16  14 

"           for  parallel  solids..  16  16 

"           for  radial  solids....  16  39 

"           Laying  off 16  16 

Structures,  Ill-proportioned...  20  3 

Stylobatc 90  13 

Surfaces    bounded   by  curved 

lines 15  48 

Hidden 15  66 

"         in    a    pattern.    How 

related     10  1 

"         Inclined  position  of..  15  40 

"         Irregularly  outlined  15  46 

•*         Oblique  irregular....  15  52 

"         Oblique  position  of..  16  48 

'*         Plane 15  84 

Projection  of 15  87 

Swinging  sash  for  skylight. ...  22  8 

T.                 Sec.  Page, 

Table  of  comparison  of  gauges  17  20 
**      of  dimensions  for  liquid 

measures 17  47 

*'      of  gauges  for  aluminum  17  24 


Digitized  by  VjOOQIC 


YVlll 


INDEX. 


Sec.  Pafte. 

Table  of  gauges  for  copper. ...  17  23 
"      of    gauges    for    Russia 

sheet  iron 17  26 

"      of  gauges  for  zinc 17  26 

"      of  specific  gravity 17  35 

"     of  U.  S.  standard  gauge.  17  21 

"     of  weight  of  bar  iron ....  17  31 

"     of  weight  of  iron  wire...  17  80 

"      of  weight  of  plate  iron..  17  28 

"      of  weight  of  round  iron.  17  32 

•*      of  weight  of  sheet  lead. .  17  29 

*•      of  weight  of  sheet  tin...  17  29 
•'     of    weight   of    skylight 

glass 17       38 

**     of  weight  of  square  iron.  17  82 

•*      of  weight  of  tin  plate....  17  28 

Tank  top,  Pattern  for 17  97 

Three-centered  arch 20  72 

"      way  elbow,  Pattern  for.  18  21 

Tin  plate 17  28 

f  joint.  Pattern  for 16  29 

Top,  Pattern  for  oil-tank 17  97 

*'    plan 15  7 

Torus  moldings 20  18, 64 

Tracery,  Window 20  77 

Transfer,  Methods  of 17  13 

Transition  piece,  Pattern  for. .  18  52,  65 

"  piece,  Pattern  for..  18  58,61 

*'           piece.  Pattern  for. .  19  21 

**           piece,  Pattern  for..  21  71 

Triangle 15  79 

Triangulation 16  9,  49 

Basis  of 15  34 

'*             Modified    meth- 
ods of 16  60 

Triglyph 20  10,  81 

True  edge  lines 16  41 

"     length  of  lines.   How 

found 15  84 

Tuscan  order 20  28,  25 

Two-pieced  elbow,  Pattern  for  16  29 


U.  Sec.  Page, 

Urn,  Pattern  for  octagonal ....  19       82 

U.  S.  standard  gauge 17       21 

V.  Sec.  Page, 

Vase 20       19 

Venetian  Gothic  arch 20       TO 

Ventilator,  Pattern  for  Emer- 
son   19       18 

*•  Pattern  for  ship. . .  19  50, 68 

"  Ridge 22    6,24 

Vertical  plane 16       16 

Views,  Foreshortened 16        9 

"       Full 16       49 

"      necessary  in  projection    16        6 

"       Position  of  full 16       60 

Volute  and  crown  mold,  Miter 

between 21       89 

Voussoirs 20       71 

W.  Sec.  Page, 
Wash  boiler  and  cover,  Pat- 
tern for 17       88 

"       miter,  Pattern  for 21       69 

Wheelbarrow,  Pattern  for.  ...  19       \A 

Window,  Days  of  . .  20       78 

Headof 20       TD 

"         tracery 20       77 

Wiring  operation 17       11 

Wood-cased  bath,  Pattern  for.  17       69 

Working  drawings 15        % 

"    -    drawings.  To  read...  16  31,66 

Y.  Sec,  Page, 

Y,  Pattern  for  four-way  branch  18       25 

Z.  Sec,  Page, 

Zinc,  Table  of  gauges  of .  17       25 

Zones,  I>evelopment  of  sphere 

by 16       64 


/     o"      OF    :  HI  '^^ 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


UNIVERSITY  OF  CALIFORNIA  LIBRARY 
BERKELEY 

Return  to  desk  from  which  boirowed. 
This  book  is  DUE  on  the  last  date  stamped  below. 


APR  8  1948 

5£p    4^95?  I U 


.liaClR.     'EB    ^'16 


LD  21-100m-9,'47(A67028l8)476 


^     O^ 


'5  ^Vi^^i 
0  )  >.if! 


^  <  'CCC  CC'acCvC  coccC'X'    ccc 

L  C  CC«  'Ct     CC  '< 

fi  c  CCC-  >CC';     ' 

1C(-  C  ccc  -'iCC 

K  CC  CCC^  iCC 

viKOCCCCCi^C 

-4,«aecc  cccifrccc^  vc< 

/^'CiXCCC  CC<CtccCC 

.€'  XCCCC  CC  cdCKCC 

r^^   ..a-r  ^,^®CCC(fCCC(Ctacc<: 

cc€^  cc(C  rcrcc ccc^  ccC''    fcc 

',rf  "'%^  S*^CC  vCC(  ((  CCcc>w^^CC'  'C 

P^fS'  'S9S'  ccccccccccrcccfc^ tcccc 

'^^f'^CC'^  'CC'rc  ccc  CiT':  CCCd^i  t  rCfG  -ftCC  .  < 

>S^'    >,  «;^<r<ccccc'(  ( fccc  cccc  <  c 

ic  cc^ '  c«  'Crc^rcrrrfrccrcccr  c 

f  c     cC'Cf . <rcc' c ccc'f  -ccc;  «ccc  cc t 

CC<C>  CCCCf.  CCC^  CCCC  CC 

>^    CCCC  CCC(    C  C  C   CCCC  CC' 
CO(?  (fcC    f  CC  'CV.fr(r\ 

((<c      r:    - 


■■•  .••:■■., .:,■•.■ 


!»• 


t 

I 


.    \ 


':•  tr--'^':^ 


I 


'i    V 


'-\B 


'  »•  '■ 


